Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/JP05/0 10520 
International filing date: 08 June 2005 (08.06.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: IP . 

Number: 2005-088188 

Filing date: 25 March 2005 (25.03.2005) 



Date of receipt at the International Bureau: 22 July 2005 (22.07.2005) 

Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



B * gl # fp It 

JAPAN PATENT OFFICE 



& ^ Ji £ fWJ - -c ' & £ r fc £ -T S o 

This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 

m i ¥ a n 

Date of Application: 2005-^ 3 £| 2 5 B 

ffi IK § ^ ■ 

Application Number: ft KB 2005 — 08818 8 

£«»»■»■:,- Kta> j p 2 o 0 5 - 0 8 8 1 8 8 

The country code and number 
of your priority application, 
to be used for filing abroad 
under the Paris Convention, is 

tf J . M A ttit^tt =» - 

Applicant(s): 



Commissioner, 
Japan Patent Office 



2005^ IB 60 

.)> t'l 




mm b ] 



0502434 

-T-/^l/¥ IB 25 B 
HOIS 03/13 ■ 



i f£ an # ] 

[ttpffXttHRlfl Hij£t&*BBE 1 TS 3 S 6 ^ 'J => - |*| 

i&mxitmm] m-&w±mB.<pm& 1 re 3S6t t*st£*t =1-1*3 

[ 3ft S!J § ] .0 0 0 0 0 6 7 4 7 • 

[ ttpff XttJfpfr] $^f^HE4»i}ilT@3i6f 



601^ 

[ # II ± ] 



[ « II A ] 



[ lift 8U s n } 



100050240 



[itSfiHg^-] «Nf BBS 2004 — 135080 

[itiUCB] ¥BX16^ 4J3 300 
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immm 1 1 

^-ilM^Jilc - u 4^4 < k t 1 IB^«^#PSttJB k 19 IE IB 4: ^ «b 4 

■5 7i&1±Jf k fl*7£14JBcoEIBlcS:li- «bft^4 < fc 1> ltt»<wt*:|4^'b4S*'<---tfJBk*£- 

ffi t n n k l r $ ft . mzmmfrx-v <t t > ■* rat* ic an i <? ft * nsa 

. A 1 x G a ! _ x A s ( 0 < x < 1 ) 6^ 4 5 IS *T ^ 4- 5 H k , A 1 y G a j _ y 
A s ( 0 ^ y < x k 1 ) ib^ 4 & IS jff^ *>*;*: & £ Ji k A* h ffif& 3 ft . 

r^fxmmn. &mvfmm^A 1 a s t>*h%&m 1 T-»js*r«k . a* 1 T8&Jx*t«*>±ic 

M $ ft - Miff $H t'AlGaAs*^4iI2 TSSWtti ft* «b <* ft . 

o 

mmm i ie«x^ta^->tb --f ic**v»t. ^-4 < t trsx-<-^ii t ±»-* is. 

ait^JH 1 71)Ss»^JI3 T ft - H ic Ifi®^ Bi u - vicfcux . * ^ - -t d gu 
ii ( A 1 a Ga l-a> b In l-b p ( 0 < a < 1 , O^b^l) t^i^ if ttP 
vSttJi l± Ga c I n j _ c P d A s x _ d ( 0 ^ c < 1 0 ^ d < 1 ) 4^4 5, WE IB 
liGa e I n j-eP [As !_ [ ( 0 < e < 1 , 0 < [ < 1 ) : t^riSt t 

k "t u - -f . 

[ff*Jl6] 

M^H 4 K«*>lBJ&5fe U - +flc fev^T , Buie^ip-^Sflxtt » fflTjtefc* ( 1 1 1) AWfi 
ic 5 * 7S.1I 2 0 ° nmWftcon f£\zffim Lfz ( 1 0 0 ) G a A s SIxT-fcl, c k *1f a k 

m&m 5 He«:^>®f£^ u -^icfcux . Huae¥##£«ui. bs7j&** ( i 1 1 ) Aurora 

Ic 5 Tli M 2 0 * <7>fiEH rt <o*3 « ic <«I4 L ( 1 0 0 ) G a A sH«T*4 C 

-r s ra^Tt l. - 

ffl7y<£6* (111) Affl^r»Jlc 5 ' JbS 2 0 * ^«Hl*3^>flja»=flS» Lfc (100) G a 
AsS>Bx±lc. U - -^Tt^^^-T < k t 1 Jl^fi-T #Pv£'ftJl tPSEIi: 6><b&4 

vSttH k a^vS fill ^> mi ffllc^ it h ti'M 4" < k t IS 14 6» «b 4 ^> ^ - *f IB k ^£ 

«iss««k , «t ur^\zm-f <bnrz±^fxmm.a ^ vT&fxwm. 

k 6* « IB IS k L T ff^fig 3 n » l^lftlllS A'i'Vf >ri:j:oT>* ff^^ic ^jdI $n& Si-HTt 
U - -V T o T . 

±fH5/xWftfc«fc ^TgBlxWMU. Jffijf ^^miKfl^lc^ft L AJW^^-^iS^^lc «t oTJxtt 
■t ^> ^f-ip^^ffi 7 -v r/xtt^T-*> o T . ^iP^^m ■/ 7 v rm.wm.<r>'y 4 < k ^-3Bii 
- A 1 x G a i _ x A s ( 0 < x < 1 ) 6^ >b 4 -5 IS *f ^ 6* 'ht£ h /I k . A I y G a j _ y 
As ( 0 ^ y < x k 1 ) Jb>«b$r£lSJffs£&*;*:5:-5Jl i: ^«btl}fiS$ ft..' 
*^--tH<7>-g&}i (Al a Ga i _ a ) b I n i _ b P (0<a<l, 0<b^l) 



*) . &^#Fft'\imiZG a c I n ^cP^As ^(j (0<c<l, 0 < d < 1 ) 
ft* h & *) . p?M UGaglnj-ePfAs!-) ( 0 < e < 1 . 0 < f < 1 ) ft* h U ■ 

tt^tf oTfc 1 (1 1 1 ) A ® 7j |S1 IC & \.*Mft ? #> 4 C k % iff fiS k -t £ S ft* U - "V o 

Ift^JM 5 * fz Ufit^Jl 8 ie«£<7>Eift* U --*f iCtoOT. WiSIBtt^l o«K 0 M** 

imsm io] 

it^JH 4 7!iSif ^ji 9 <7>\^-r infr-mizmm<7>mft.yt u ic**ot . Mft* u - «ni 

. ftifgft:Kft*to if eSOnmil t ^ft^T* -6 Ct^tfltt -5 Hi ft* u - V . 

immn in' 

sStt/i k RSttfll^JaifflCSft «b*iik«: < k t 1 i^^-^lkt*' 
t^JgH^k . R«PS««[<7)±Wto«J: VTWlcSl+ibnfcifflJIxWfltto J: vTSBJxtt 
Jtk£fj|JIIIk LTi^L. C^Pg. lffl££;iKggtttt£ti! BR-t*vW *i I n * ^ 

* if T to § . m fSJl IS * K 9 Uvf> r L T > ffSl* ic /jn It -5 k § ic. I n <r> ft* * 
t-?t5CtlCj: 0 > ^ffi $ ^ftljfflli" 5 C k i» k -t -Sfflft* U - VOTWIJe^a.,. 
12] 

sS^Jl 1 TiMft^Jl 1 0 ^v^n^-Jllcie«S^fflft* u -^ft*|B]-M J;jc?§M4M 
3 ftx u -5 c k * t -t -s sift* u - f7 u -f . 

[lif^I 1 3 ] 

tt^Ji 1 7!iMm^Ji i o ioui t n^-JHcieix<50iiift*L ztziz, mmmi 2se« 
c^aift* l -fr u -t ft*. & A*-iis k u.Tfflv^ «btiTv^ c t*nm t -tzmi%Bf& 

mm., 

imsm 14] 

mmm in^msmi 0 <r>^-f.nfr-m\zmm<r>mm.fcv -■«?. zrzit. mmi 1 2ie® 

^ffiMl-fn 4 ft*. -)t S t L T ffl v ^ n T v ^ C t $ S 1 1 5 * f r ? 7 7 ^ y 

x t- u „ 

immn 15] 

si**b 1 rjmm&m 1 0 w^f n^-mizmm^m^.-^^ --f. ttu^ at^n 1 2- sens 

cr>Sft*u - fr u ft*. tiSi: LTfflubtixv^c i: k -t -5 *^fl ; e > ; - - >i 

o 

[If 1 6 ] 

si^ji 1 Jb^msm 1 0 <7)v^-rnft^-jncieix^fflft* u - -f . * /z ut . si^ji 1 2mm 

c^Sft* U - "f t U -f ft*. *-^kLTfflw^tlT^-5Ck?:^iSk-t-5*jg'S:fI : &>*-- 

m&m 1 nmm&m 1 o*>i>-f *iftv-jKicieix^ffift*u --f . gs^n 1 2ieix 

cr»aift*u --f t u -i ft*. TtltLTfflubiiTi^: k ^ « k ^ *ii fi 7 N Ti.„ 



[ IE <so £ ft 1 (Bi^Tfeu to =k v * <J0 Ci| it -jj a to * VHql&Tfcu - f7 u VjSflRiK 

Stock ^ V ?T 'V 7'y Xf VltM it i? i - * to cfc VTt.T^'Sfg ^ X a. - n, 

to «k V^tiifi x * t ^ 
[ 0 0 0 1 ] 

^MIS. Bf&Tt u - -fto J; yf tf>flBI3t7?>£*j =k um^tK i - *fT u to =k y Hi f£ u 
- ^coffilliSTr&to.j: um&Bf&mWSs <k ^7t t" -y 9 t *j 7 -> * t a to «fc ^7t.^fl t >' a. - 
4, to <k ^Tt^Sfi =& v * - ^ to <fc ^TtiS fl y xfi^icSt^, 

[ 0 0 0 2 ] 

HH7tS#tp#L-^ (fflJ^TtU-^*) tt. S^XICxt LTMTj filled* tt 3 # 
U - *f T *> 9 - IB 3! ¥4* # U - -f IC it ^ T ffic =J X h T* Sltt fig l^tl^Ck *r «b 

<r> it m & t : R ± ffl a* t ffl v> -b ft T v>£ . 

[ 0 0 0 3 ] 

[ 0 0 0 4 ]. 

'•tflc. raflTtu-V («T> VCSELtU7) li, *Sttffl#f»a*'h3 u fc*> . «riiIB13£ 

JtfH^V* L - -V t IfrR L T . ftttitjfr'kS < . ttS ?J <0 JH ^ tf> ^ ft 6 If ^ fr&K} . C 

[ 0 0 0 5 ] 
[ 0 0 0 6 ] 

0 1 tt-JKBSl *ffi#E7fe 1,-f (VCSEL) w»*fl**t0Ti6. & to . iltt, 
I nGaAs/GaAs * iStt IB lc <b ^ , A 1 A s H * jgfJRg^ft: L T «8it«9p« 3a t Lfc 
VCSEL^Wk4-)Tv^. 
[ 0 0 0 7 ] 

0 1 IC ^f -J&fiti 4* V C S E L It . <Xo * 7 IC ft SI £ ft § . M 0 C V D ft* 

MBESICJ: n-GaAslSSSSil:, n - A 1 G a A s / n - A 1 G a A s T 
S6¥i?#£nHfg!£itttil (DBR) . TSPGaAs^^-^IB. A 1 G a A s /A 1 G a A 
s MQWjSltlB. ± A AlAs SjglRSHtlB . P — A 1 G a 

As/p-AlGaAs ±B¥^#^Ji«R#m (DBR) *WJXl=»IB LTfUIBW t L 

[ 0 0 0 8 ] 

/Ale. ffiUfli^ K 7 -f x ^> rvjic <k •) > ^ff?tti: ^)0lt^ o z<r> tB . x */ > r 
BSUTS^4P#D BR4>l:lt-5ck 7i:t^c t^-S5©?*^. 
[ 0 0 0 9 ] 

<Xlc , K7^i7f>ri:j:») ftjEBft'Bffl L/iAlAs MoSiR^ftli * *!M4«fi 

)D2]*^fkLTAi x o y nmmmmizwitz sR^RBfinBat^^R^+^as 
^>^rt:3 ftxo&v^A i a s 4itsX/2Jticiiim-t zmwiw^ mm %>< 

[0010] 
[0011] 

£: C T* * Z«^J:7 4i%7tl,-¥ (VCSEL) Tli> i£tfc JB «b «o St * 
fc«blClJ. ^ ^r® < LmWL^<nm&tii*'h$ < S ± t T*5. L^L, h'7 -( 

x v * > .y"v£lC <fc -5 > ^ ^lUl^X^T- li . x -v ^ > r f«; <7) i -y ^ > rif 3 <75 /< 7 'V ^ 



1 0 % i-U ± ic ft -5 C k lifliiTli & < . timfi v * > ra?3 «o -5 7 * 1 1fl M ~t Z> k 

. > ^ ^ ffi $ m ft ffi <? ck 9 * S < k ib 3* -5 £ ft . 
[0012] 

Sfc. ftffXtt 1 ic li . $ «bicft&ffictft£'h3 < t tiT^-S. WfT-^lK 1 Ic 

^^iiToiiiSTtt, TSU^WfrD B R *<nTffl<nX&ftr> D B R «o iR IS *f ^ /B ic A 1 
G a A s J: •) tifeilttli'iSlciuA 1 A s tfflulu^. ft*?. T B¥ i? # D B R 
±lJcoi&JS.ilf ^JlT-tt^^co A 1 G a A s 5. C^HtiglJ, i> L . x v * > 

^H^TiJAlAs DBR^lcIt^t, A 1 A s HfcSlR&ftJB ^S&fkXtm 

IC > *WElc-«aj k T v> -5.T1IJ A 1 A s DBR^Al As /I a* «b t IRJ Bf »C I* ft *>* 

ii A . ^^**ijfiiRfft & fc^J&tftffc-t * flWc ft S ^ >b T£> * . A 1 GaAsco 

StfkiSSa A 1 ®.)&&.l¥'&t)*±B < . A 1 ffljfta**go« tlHtiS! ^. f U. 
A 1 A s T'lilti fk.il (tfe 1 ^: § ui^TfiS. ch^RCfctt. 4f IT # IK 1 T li . Ifcft 
ilK *>*'.M A. 1 G a Astffl^/iiiA 1 G a A s DBR4H+> x * > f &BQ * 
C <o ± I! A 1 G a A s DBR^lcfilt^i^lc/jnlL, T fBJ A 1 A s DBR^Al 
A s Jlnj Si 8 HI L ft v^i 7 ic -t & . f^illA 1 GaAs D B R <n << t 8c li , ft IT 5C UK 
1 IC^ £ *ITU -5 J: 7 lc£#<7> 4 / 7 lilT**j5|u; «fc •} Jsi < li 1 .0 ^ T Jilrt k "* * «0 ft*«f 

[0013] 

LM, f^P^WHT-x v ^> rj&ia* 1 0 ^Tig«<^±PJ A 1 G a A s D B R 4« ic -f*. 
iK-t -5 =k 7 ic L Sit . ^£3 * 0 *>i&T**3f L<. ±i|A 1 GaAs DBR+^i'A 
* > ?"tis 1B3 tf> ® 9 V i> £ t o 7 S -5 . 
[0014] 

«k o T . #@ * "9 H < :iib^ij1fwJd*^#5 ic (J . k 7 -f x y > rai: j: z j- 
*tMXT_m<r>®\W&t) t Amiz ft s . ivf>^t=?ffit«*Sk4S. * - ? 

ffi k LT li. 7- ?X7M^S k . Si -v * > ^ffiftflfliilcftfcSRW U f <r> fx. W >t ^ '7$ 

<^7*>. iaS^<o^gU«^KS**'^WT'ft < . ^^*«14LT^T, fHiJfSlgs^riiPJx^ ftT 

[0015] 

C <50 ^? 5\ tfo ii ^ . G a<?)4 1 7 nm<^M5*K/i\ G a <^> 4 1 7 nmwH^^flt A 1 
3 9 6 nm<7>¥£Jtfam £ (nlfcomffl&it* * - ?tSCti:J: ^ # 4? # 1155 ffl ic W fC 

L fc9jf«Jft«***ftaiT § 5. V C S E Lfll bSH^ «fc 7 ic 2 m<r>®.® i <r>m<r>m ig L *«^BI5 

^•T#»*^JR<^JS a li . %J«ft^ttEW»il5k ft -So 
[0016] 

L ^ L , !Rflc GaAs v£t±Jl^ u --VftSttU ( 8 5 0 n ml^) W T *B <• •» % Jg *[ £ 
ttoVCSE L G a MfiX^ G a / A 1 *fl;^lt^ ^ ft 5 < ft h 

tztht. fo&]zm c t D B R ^ 15 S <7> IS I? 6» 3 < ft * . ^ => * ^ It* ft Km T li 
Bfjie<^)|5®Ii^ff$<75 Jr||iB6*'Jv 5 .< ft 9 *»S©Tft < ft 5. 5 «b ic . >rMI 

6** § < ft ii li. ijtfli^<wi7f > rftft<r>&W**xLft -5 /ia^t- y k ft £ HHa* 

[0017] 

* . ffi»3t u - -f k L T . 850n m*, 9 8 0 n m&<r> ^ <r> li . vf&tfe IB ^ <o ^ -J 
Tia c jA*^**||iff T*>*. 8 5 0 nmSw@^7tu-fT'lJ, ffi ?-#P v^ttd 

ic li G a A s >b *i % mmm 1? ■* Jl ( ^ 7 7 K IB ) ic li A l GaAs o >b 

titos. fgic . Mi^Al GaAs^lxtfl (DBR) k. A l M itm % fU ffl L -fc % 
^R'PflliSk *J*fflTS Iffl^'KnttitMLTuS. Hi ?t 1=5 Inj fltfj flp 

ic-^v^xii. ft&Miifafrhftrzfe&m<nftmmft\zmft&*firzithi3t)x% k. ^st<?> 

}I ^6*ft 3 nTv^6. +T-^ . I^itf tT^t^ 1 ic li, (311) BSfi> o s 0 ( 1 0 0 ) 
(1 1 1 ) BBB^'ISUC 2 5* IIKof f ) L/:ifi$fflo5 Ctt, MLf-Tjfa 

<7>^fir3fyi#***e < ft •> * mftfttimwfrmziX'B z> z t **^<? nun. (3 



i i ) AmMtbmnKWimv&z z t *>*^2 nius. l*» l cco^^r-^c^ 1 

<7>K»f Ttt . *S < flS& Lfc (3 1 1) B»tix±-\<o*S B B B j£ft ti . (100) 3Sflx±-Nco 
ISfiUftftlCtt^Tlt L < tC *) , <?"blC, (311) Alii-N^^ B H B B^a. J: 1 ) -HH 
lT3S5klOXjS***.4.'ifc, O^ftcoMcoif . SjS4«*g<|lli&LT^5^ 
T, *«c<w§5«i»» 2 fehjt~t Z Z k 'sSfflL-^ib < ; »vmc < v*£ir<rcX*&a**«. 
[0018] 

-75. 8 5 0 nmi niftl^^El^L- lf#P viStt/i lc A 1 £ tfx/jn L T 
Kifv^t*? < LTlS^nti^. ft#iR lc , 7 8 0 n mffi^iBM U - 
11. A 1 6*ffl)£JtT 1 2 %;gfi«S/jD3 tlTu -5 . L L . Z<T>Ma. 8 5 0 nmiHS 

: fo&i$<F>m$L?t u - v i^^ra^^^-^rattfo^os* ^-juss&'/h 2<&^>tl£-?co 

T . vS'tt/l 'N CO df- ^ T ffl C ]A*0 < 4 o T L J V\ 8 5 0 n nim^ IE -%7t U - "f IC It 
^T . n iCiBSEilf ttlCU^TH«f illtt^if-S^^ffllT'^^ k o 7 R| a 3£ fc. 

S 'I*. 11 IC ft t-fe 4- A 1 -gS/jn 3 il T v> 5 60 T . fi£ ft 4 1 * fin I * # IC g£s£ ft* JR 0 JA * tl T L £ 
o. #J£3tPf 7 -*»JK«S *IT . J£ft#i^iIfgtt<oiRT*JHoT L * 7 ko 7 

[0019] 

iff ff Xitt 2 IC [J . 8 5 0 n m «fc *) is IS. m ft Jt L- - VT-#%?tllS i=r -fc > ? -co 

fl5flK%w^. s a ist. ai 7 «j -stttfi* (MT#p®ttra. jkv*inizm&-t&m) * 

ffi m -t 5 M ¥tX h - -f (7 8 0 n m#r) 6* ft 35 2 *l T ^ -5 . C co JEj pg. :>£ u — -f 12 . ft # (ft 
Icil. if ttPgttllc^lof Oi^f t^G aA s Pft'fflufjli. S/i. H«ffilcJEEffi 
I'fetti G a I n P fc'fflu ^ n . $ tz . ^^-^1 (?97KlfcSl & U m 3 #. -r -J-l- 
PvSttra kcofigcoJl) Ictef 3££G a I n P **fflv^<b*i. * . ? 7 7 h' i I: A I G a I 
nPi'fflv^tlluj, Cco^fp^t^ 2 lc J: flit . att««i«A 1 7 'J - ft^f. -fgffltt 
ft* 3C » 3 n S . 
[ 0 0 2 0 ] 

Mlc fFlfcitK 2 ic U . vS141flfiSa*A 1 'J - ? *> £ C k lc i & $1$ lc W z. T . vi&f-fe 

m<r>%m*±% < tstftc. m^ttp stira icmm^it? * g a i n p a s wm><b 
*i. mmmiztef-m&t tzitm -> ^ \*> m ft ■*> g a i nP^i^ft> * -<•- ra c * 

7 -v Kli k m 1 » um 3 lf#p v^tt/i k <r>m ^>H) ictt^Bt^A 1 Gal nPt'ffli^ 
ti. ?7'vKll:Al Ga I nP (X^-^IJ: OA 1 fflfi^±) ft*ffl u<bnfc7 8 On m 
&<r> M M7t u - *r frfem 5 ti T u ^ o c co #!f# n^^C SK 2 co BS f&5t u - -f tt . HO L 4^ IFT- 
^ift2co^iiicJt^T. PHH*'ifI&Ti> •? ff«BMfflBK «fc •? K dp + -v ^i^fo 
cot-; % * 'J TUB c iAaojb'&fcf ic ^ o To & „ 
[0021], 

S^c. «Jt^j|SiffeiJfflPlc->v^T. *#fF«3 ICIJ, S«i<?)BB^fiit>* ( 1 0 0 ) ( 1 1 

1 ) AH7jl»J*fctt (1 1 1 ) Bffi^lSjlc 1 5' TbM4 0' co IE H 1*1 co ft « (ffiM) lc 
ftH?4 Lfc*«*fflo. 7t^fiJ#W75tt^ftjffl l . SStEtt^tlr-t* I n A 1 G a A s . 
I n G a A s P ^ b 4' S #t if#P Slti * llffl t S C t T\ («f4 L /i ^ l»J co ^ m *U 

[ 0 0 2 2 ] 

» fF3:iM 4 ic > vmwzFim. ffipjigatttftRr^LT, ^w^^w^ ( 

10 0) ^ «b (1 1 1 ) A H ft * tt (1 1 1 ) B E 75 ft k ■* i 75 vS 3 *l T ^4 . 
zcr>m^. mmcr>mi5& It ( 1 0 0 ) ^-b C 1 1 0] ^ftlc 2* o I I (-5' -v +5 
" #ty) co^t^T^ *) . AM . B®75ft-NflS^ UfcaS«?tt «ri>. 
[ 0 0 2 3 ] 

L^L46"b. ^*Tli. vl&1±/l<7)=PJ^* f 7<: § < ffic L ■# oft • lai^T^oT, fgfltt 
lc ff ffl7t75ft jb**!ISP ^ ftt8 5 0 nmi n -feft co ^ ^ pB l - tJ9?3a^ iiT o 

[ 0 0 2 4 ] 

■t5ri7^. tffHti2Tii, att«ttft*A 1 7 'J - Sr ^ T fl $Htt $ n -2, ft* , ffii^t 



*iJil^v£-6*^ £ fix 
[ 0 0 2 5 ] 

[ 0 0 2 6 ] 

fcifiUcov^T, <5r<^ %JS£ ftxu 
[ 0 0 2 7 ] 

WHFAitt 4 T-ti . ^7t^(S]^§lJi]T- § 4 ft*. 8 5 0 n m J: HSI^S^iaTt 
u - -fie . ^#^ftlcov->T, ffl <b # JS 3 ft T o &• i •> „ 

[ 0 0 2 8 ] 

C <7> J: 7 IC. fe* ? f± . V^ttH <0 $J ft ft** § < , (K L * VWI . Si JU "/J T'^oT, tefBffc 
lefgft. y7t^fS]***iJ{ffl $ fitz 8 5 0 nmck *) t *>*s ffi ffc* U -flilS^'iiTw 

.[If.fFXiW 1 ] !ff Rl 2002-164621 
[1f flFSCIK 2 ] IfHf 9 - 1 0 7 1 5 3 *?&m 
HflfXi3].1fi 2 0 0 1 - 6 0 7 3 9 
Hftii4]ttll 2 0 0 1 - 1 6 8 4 6 1 

[^'•MrF^tiSK 1] IEEE Photonics Technology Lett 
ers, Vol.10, No. 12, pp. 1676-1678, 1998 

(mi*) 

l^!|fi ! FSi2] 'I EEE Photonics Technology Lett 
ers, Vol.12, No. 6. pp. 603-605. 20. 00 (Wi 
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imnt)*mm u? t t«»e] 

[ 0 0 2 9 ] 

* ft Witt . 5 -v rixWM (DBR) 4««t6ttflw G a *flr&^ G a /A 

1 it*>9£ffc**',M < , »^«tt« L /IfflftTt U -> ( V C SE L) fOPftcliKTt - 
fcij W -tt'j: (i-yf^rT^si/S^tlfttSCt, £ ; * ft lc J: *K' BJUJ^J fc * 6 ffiift 
7t L - -5 C t * g i: L T^4. c ft lc fin £ X . tf I: 8 5 0 nm i HSI^ 

&v*Eftft u --fic^^T . «Wttlc«iiTo*ffl#fc*teu ffittlB^ *U»*** § <^ 

[ 0 0 3 0 ] 

£ . If lc 8 5 0 n m =fc *) t> S-I ^ JS ffl JEt\; u - "V lc *> o T . ft fH'ht lc 1ft ft T H *) . 
•SflJl^fiJ^*'* § < . ftUSvMI. Wffi/3T*.0, C ft <b IC /JD £ T > y7t^fS]6*i1ilJil $ 

[ 0 0 3 1 ] 

lectt-. iieaftTt u - ***** s ft fc®ft7t u - V t u U'i^iir^iifej:!; 
I g» a * » i» -t * fc#>*>^©] 

[ 0 0 3 2 ] 

< fc VI IB<t>S-T#fS14JB tBfilBtft'') & SvSttJi t i^vSttlf HI GB lc »l+ «s> ft 

& & z/Tffiizm-f hfirz±.w>mmm.&z. z/rmixmrnt vmmmt ltsm^ ft. mji 



. A 1 x G a j _ x A s ( 0 < x £ 1 ) >b ft 3 *f ft * W fc . A 1 y G a j _ y 

As c b < y < x < i ) frhx&mffm&jzz: &m t frhffii&$ 

Tg&lxJtfMti. <RIB>f*IB*«A 1 A s *»^«r*« 1 TfiSlxWtti:. ft" 1 T«&JK*t«*> _hic 
3 n, ffiJStf *jb*»a.1 G a A s ^ <b ft 4S2 TS&lxltfM fc «b tS/£ $ 

[ 0 0 3 3 ] 

m&M 2 *>f&afl« , IS^JI 1 ia«<soffi#&3t L - -flc jjut . ikft < i: fcTfS*-* 
- -tf m £ ±g& * ^ - ■* . I n * ^ T- o & C i: * <ft f& i: L T o £ o 
[ 0 0 3 4 ] 

3Efc. »*JH 3 <of%Bfl« . sft?)<JH 1 ^/zttlf ^JI 2 leiX^SffeTt u --f icfc^T , S2 
[ 0 0 3 5 ] 

&f#Jl4 <r>¥£Wl&. M^m 1 7!) 11^ JI 3 ^ u -f ft 6»- JK Ic te«K<7) M¥£lC u - -f 
i:fcv^T, -< - H <75 — g& & (Al a G a 1 - a > b 1 n l-b p ( 0 < a < 1 . 0 < 
b < 1 ) 6» <b 55: *) . fi^^p vSttJf UG a c I n 1 _ c P d As x _ d ( 0 < c < 1 , 0 
< d < 1 ) <b ft 9, I^KH ttGa e -Ini_ e PfAsi_f ( 0 < e < 1 , 0 < 1 < 

i ) % ft 5 z t * mm £ L T u£ . 

[ 0 0 3 6 ] 

n&m 5 co^Q^ii . »2**R4 3B«*>Bi#E*fci,---f icfcoT* S 7- # p viS 14 fl \ t EE 

m m * ir l x v> & z t * n m £ l t . 

[ 0 0 3 7 ] 

sfc. m^ji 6 to^iiflis . 4 mm<F>m$tyt u - -fic *>ot . iWie^A^Mut. 

E ft ( 1 1 1) A Ei 7j ft Ic 5 * 7 , jI2 0" «ll!Irt<n««i:fflflLfc (10 0) Ga 
A s SiT-^^C t^^f^t LTU4. 
[ 0 0 3 8] 

ffl ^ -fi ** ( 1 1 1 ) A m ft fS] ic 5 • 7} 35 2 0 • <o IB H c^> ft &' ic ffi ?4 L (1 0 0) G a 

a s mm-?3h z> z t *m m t u t v>* . 

[ 0 0 3 9 ] 

* tz . If 3<JI 8 <;of&Bfl 12 , ffiTjtefc* ( 1 1 1 ) Affl^Rlc 5 * 7!»S 2 0 * <r>mm?l<nft 
KCffi»Lfc (1 00) GaAsSiii:, u - -fTfc * "t -5 ft < £ t, 1 H <^ AT # 

p vStt^ t r ii t ft zfeitm £W& i &m<r>mmzWirt < £% \ mm<^nn 

±g|5Jxtttafc J: ^TgU/x^Mi: * J f«li® fc L T mfc $ ii . 3* f* IB « *» x y ^ > ric «fc T 

•+ Z*WWftft V 7 v rfxmm.T'3h o T . v.r/x«tt<W'>ft < i: 

J Al x Ga i-xAs ( 0 < x < 1 ) ^ ^ ft €. IS Iff $ ft Sit, Al yGaj-y 
A s ( 0 < y < x < 1 ) fr<b ft Z> m ft m ft -5 li t a* «b 5 n . 
^-<-^mcr>-^\t (Al a Ga i- a > b Ini-b p ( 0 < a ^ 1 , 0<b^l) t>- 
•b ft *) . ft7#P S'tiH ttCa c Ini_ c P d As i, d (O^c^l. 0<d<l) 
»BlittGa e In i_ e P f As i_f (0<e<l. 0 < f < 1 ) «b ft 

tt^SoTteO (111) Ara^|nJlc-Mv^ff^T'f>€» C fc*1flfti: L'TOS. 
[ 0 0 4 0 ] 

[ 0 0 4 1 ] 

Zfz. m&m 1 0cr>fg.Bi!i2. If ^Jl 4 7!j£lt^Jl 9 ^v^tl^-JltcieiX^ffl^Tt L- - 
^ IC T , l^ffl l£5t U - V \t . I^fg&* Jt?*±? J: * 6 .8 0 n m «t nfi»*T*S:k* 



•ft®. tLTuS. 
[ 0 0 4 2 ] 

tft^Jl 1 l*>«Wtt. ¥i*#i£lff±ic. u --f < fc t 1 Hcos 

v£M t Plil i: =Sr £ y£l±Ji £ MttH <r> ffl ffl ic |£l+ ^ ii '> & < «fc 1 ffl*H*> 
*-<-^JB t if Mi: . P^U^%®<r> ±.ffl& j: vTfHSlc&rt- «b 

nfc±»JS*t«4J* VTSI5R«tti:*flUB)8k LTjf*/&L. CcoPSL bu IC J§ II W tt * ti§ 
BK-t 5of tl^<75llic I n tirT^S - M*8J®J££ K ? 4i'Vf>rLT> ■tattle 

JjD I -t § k B IC I n nmft* i-n5Ctl:i 0 >^H$*ft!I8p-t*Ci:*«»4: L 

[ 0 0 4 3 ] 

zrz. m&m i 2 <=o . i 7}i£it#Ji i o ^v^-r n^-.Jiicae®<5otsi u 

- ^*6*ffi-»#X±lcM&Ml£<? *IT^ -5 C k t "t -6 Effect U U 

[ 0 0 4 4 ] 

- , $ t « . a ^ ji i 2 ieis <^ h ¥&?t u - * r u ^ *« . s^iAATtit LTiii^nT 

■ [0045] 

-■y, tf-tJ, aS^Jl 1 2 86iK<JOffl^->t u - *t U -f 6*. vt'St LTffli^tiTuSCt 
'mt-t&K^-v 9 ~r v -f is t- u X- £> -5 . 
[ 0 0 4 6 ] 

t»#JH 1 5*>#&wm« ft^H 1 ftSiffi #H 1 0*n*-f n&» — JHlciie«tf>lIi#£*fcu 

* '.ft 84 fc I" * 5t a£ ft * >' * - ;u T* & . 

[ 0 0 4 7 ] 

1 6^%Bfltt, n^n i nmm&m 1 o<m^ft^-Jiicie®<7>iBm->£u 

- , its, M^JI l 2 ie«<offl#E*t i-*n -r >t m k l t ffl i^tm^ct 

* W ft t -t -5 >t '5 ft * X * - >\, T* £> £ . 

[ 0 0 4 8] 

If 1 7<oM(i s If 1 PjStl^Jl 1 0 *>v*-f tt*» — JIIc3B«tf>ffi«Jfcu 

^£ t "t -5 Jtii « >- ^ t U T* £> -So 
[^B^co^j-m] 

[ 0 0 4 9 ] 

if jrji i Tistf^Ji 3 aetE^ftiw-k: * n\x. #mn&m*mi&t z^-*nfr<nmit i n 

A,T-fc TS^il^D B R ttJK.fAtllcfSti 5A1 As/(A1) GaAs DBR 
^#^T•u^<30T•. > ^ff^/)^<7>*f It t H3ai±6*^ < ; 5: > ). «EI8^>aSf»* T A 1 A s / ( 
Al) G a A s DBR*SltfcMi:-?S4. 
[ 0 0 5 0 ] 

=koT. sgfA^<^ia/s±^*'fflsij ^ aa»itft'«iiw Twaj^i«rBa-i&*u (vc 

SEL) ^JI^T-S^, |a]^[c. JS-ttwii^-i'lfttt^. »nismtt^<^@ 
6'^v^ffl^TtU --^ (VCSEL) ^tS«T*§€». 
[ 0 0 5 1 ] 

CftlcioT, =t •) S /tiff tta*&£FT-if5tt; 77=5:^^ T-*> o T . J: *) «J - tfe c7> «k v ^ 
u - "f « 1±* *t *» . Sv^ISStt t Hv^Htf)jaiE* U — •f (VCSEL) Ic » 

[ 0 0 5 2 ] 



. tt *>* & iff T* ft tt! t> & H #£5£ u - -f ( V C S E L) />* ^ fi ft , 
[ 0 0 5 3 ] 

* tz . ta^uc 4 ie$x<^feaflic * na\ is^xm i TiSit^JH 3 ^ufni)> -~mz-m%mm 

%7tL-f ic^ot, x-<--*JI<7)-g&tt (Al a Ga i - a > b 1 n l-b p (0<a 
< 1 , 0£b£l) lf#p vSttlB UGa c I n 1 _ c P d As !_(] (0^ 

c < 1 . 0 < d < 1 ) fr> <b & 9 „ PIEJf UGa e I n i_ e P (As i_f ( 0 < e ^ 1 
. 0 < f < 1 ) -*> <b & 9 . * -< - "4- H <r> - W>\z A ] G a I nPttft, f «r h % ( A 1 a G 
a 1 - a ) b In l-b p ( 0 < a < 1 . 0<b<l) i'fBu^tis: tT. * -< - -t H 
% A 1 G a A s &T'Mf£ L fc* £ Ic tt^T . x^-^|t ffi 7#P TitttJl i: <t> h* * ^ 

* t- . 5? ic {& l s v% fa ft.-r ft 1 1 i, ic m tu ^ ft ft c t *?*t § ft , 

[ 0 0 5 4 ] 

trz. mmm^m^ttFfti&mizitG a i*n p a s nnvm^^tiT a i . 

«ff #P v£ M 1JG a c I n 1 _ c P d As i _ d ( 0 < c < 1 , 0 < d < 1 ) 6^4 9 
, »BIttGa e I nii B Pf As !_{ ( 0 < e < 1 , 0< [< 1) fe^i'), A I 

[ 0 0 5 5 ] 

M^JI 5 Se^^^u^ic ck tili, §r|5j<Jl4 iie«£<DiS?£->£ i> -V Icfc^T. M. j'tt-P 

&»>m%kizm<r> m ift'Wt) o s&'ttn frmWMit-t ft t X \zmmwm tcn w m % « t . if ic 
{& l §ofift-rft 1 1 $j \zm&>Tmyimi£ (mfttut) -tz z t *>*t§ ft, micu. * + 

nisi; jAAblnl _L t^*^ #pS14J!J£ ffl ic <k ^^W^ftic «k o X <R L § u i& itt Z> z t 
T, 5tK 0 ttS LffiiJD B R^/xt^f&i^**5r^t ^ , g ft § ^ tH ^ ft t ^>T m t & z> . 
[ 0 0 5 6 ] 

# S *c tt , E & to* ( 1 1 1 ) A m n IS] ic 5 * J1520" ^HSHfl^ftat'lcfflSI-LfcCl 
0 0) GaAsSfiTAS^f ( =5r t> *> . SHx^ffl^E^tlL, fS fj & ( 1 1 1 ) 
Affl^|S]lc5° J1I20' <^¥EHrt<!Ofta:icffi^Lfc ( 1 0 0 ) GaAsM^ffli^C 
,UO . I.%i@if <7)f^lC<):^0 h'^fv ^WfiT^< toy? (fittXK) ^£felC 

[ 0 0 5 7 ] 

IS^Jl 7 ietScofEBflic «fc titt, IS^Jl5!e«t60[BIE7tu --^icfcv^T. Fujse^i? 
f*»*xtt. mftisLfr (111) AE^JlSjlc 5' TbM2 0' <r> m ffl ft<n n f£ iz UK » L ( 1 
0 0) GaAsIiT'ii^f ("tftt)*.. ISTtftiJSPlc out . ffiTjfi** ( 1 1 1 ) A® 
^|Sj ic 5 " 7b M 2 0 ' <?> tlElffl l*j ft £ ic fflf* L ( 1 0 0 ) G a A sM^ffli^: tT 

) . ma. skmnvLz tix^z ( 3 1 1 ) Emm (2 5° «j5Hc«^> ■zm^tzmsiz t 

^SOi'ferfi c -T, (t|?4S*x^Jffl ic * €.7t^fiJ^5?^tttt'J^ < fir -5 6*. IS^JM 

7 <OSE«|T?tt, C^f&T^^ffl^^PV^tt/llCff^M^-^-^ S C t IC J: ft 5t^jpJ»S^tfe 

cojt^ic <k 0 (sifiTft c tt-, m*fifa*mwt ft c 1 6*Hr.figfc &-s, 

[ 0 0 5 8] 

c^=t7lc. M^JI 7 <r>^m\z J: iitt, St^ifim i: v£ 1± fl <?> Hi IU # ft t <7>«*«l*lc J: 
ftfftLgvMI. m&t>X'3hZ> Z £ t . flfI14lCf#nT^ft mt^isj ^lUil ^ JIT 

oft C 4: i: la] Bf ic ^ fz Ltz. 8 5 0 nmJ: 0 ^Lft^^Sv^iB^Ttu -^**9imrftC t 
6* T § ft . 

[ 0 0 5 9 ] 

Jfc. »J|5JI 8 IfiK^o^Bflic J: tilt, ffift&t)* ( 1 1 1) Affi7j|S].C 5 * 7iS20" 



$E M <n Pi S lc AS £1- L tz (1 0 0) GaAsIiil;, u - *fjt £ f&£ ti^4< »b 1 
H^M^^i 3 vSttH k PiUH k *><b ft £ »1tli k K»ttJi*>ffi|Hlcai+ibtt^ft < k ij 1 
ft «b ft * IS k *£fc#gig«fi|i: . mnm^^f^^±mis J; 

ric * o T ' > -4" 0 # lc - /in X $ ft -5 ffi H7t -U - «f ? *> o T . 

. A 1 x G a i - x A s ( 0 < x < 1 ) fr<b ft £ IS #f $ ** 'h ft -5 IS k . A 1 y G a j _ y 
A s ( 0 < y < x < 1 ) h ft £ m *f m b*± ft -5 li k a> fi£ 3 ft . 

^-^-^Jl^ — gpii (Al a Ga i - a ) b Irl l-b p ( ■ 0 < a 1 . 0 <, b < 1 ) <^ 

•oft. 1 ), S T # P vStfe 18 G a c I n j _ c P d A s j _ d ( 0 < c < 1 . 0 < d < 1 .) 

KIIIiGa e Inj-gPfAsj-t ( 0 < e < 1 . 0 < f < 1 ) ft* h ft 

0 . if#pg t-fe JBttffi«i^*irLTfc») v ^taiw^fiift»'bJifc a tt m<n% m m « a s 

tt^JfoTte*) (111) A®^ls]lc^v^^T-*>StfOT. WT^SdStiict*^! 
* . 

[ 0 0 6 0 ] 

■tftk>*.. m&m 8 ie«*>fEifltf)iBf£}t l -*fTli, x<-^H^-^i:A l G a I n 
P. ** ft . "t ft *> (Al a G a i _ a ) b I n j _ b P ( 0 < a < 1 . 0<b^l) ft'ffl 
I'btlSCtT, * ^ - ^ Jf ^ A 1 G a A s & T Jl^fiK L ii £ lc it ^ T . A^-^ltf 
7^-P vS'ftli kco^o H ^+ -v < IX £ C k * f T-§ , ^ t ') TBI c jAa^ft* 

R Jr. L . fflc L * vMIft-t * 4: k t IC IS HJ ^3 ft-t * C fc *»T * * . 
[ 0 0 6 1 ] 

PS EH tif #p fStt« lc li G a I n P A s ttft o «b ft T 0 ( t ft *> *> . 
If #P SttJi IS Ga c Ini_ c P d As j _ d ( 0 < c < 1 , 0 < d < 1 ) 6^ ft 1 
. PiM liGa e Inj-eP [Asj-j ( 0 < e < 1 , 0 < f < 1 ) <b ft *> . A 1 
* t^Tu ft v>t*ftjt>><b ^141® ft Tfc 0 ) . A 1 -> 'J-Stt«« ( _*.-r#J Ti Stt 

&rfe> ? - <r> Ml& £ WJ z_ £ C k *'T § „ ftW^^Ei^Tt u - f4^ST § So 
[ 0 0 6 2 ] 

if#piSttl*E8S'tt*J:t4Ci:T, $/) « lc «* 0 55 lc ffic L S o ft fft 
5fck J UcS$3&2gffc(Siil*Mfc) tsct 4, Sic tt , ^ '/ rm c jAa6|S]± k n 

1. f#p SttlBff ffilc J: SSJfJfffbC * o Tffi: L § \.Wtft-t * c k « 0 ffi LfijD B 
R^lxtt^fiilDii'Sr^k ft •) , Mlcesaj^Jft-t * 

[ 0 0 6 3 ] 

* fc. S*x^®^fi^%/S L . WfitiLii* (111) AH^I^Jlc 5 ' 7!)i2 0* <r>mwft 

<nftm\zmmLrz c 1 o o ) g a a s mm-zm^z z tt, <nmr£\z «t 

K¥f V^ftT*. tavf (tfttXRS) %^EIC J: <5^ffi«l<?5©fb^#^7tSfnS&-b > 
[ 0 0 6 4 ] 

' * fc. UTtSOISllco^Ttt. fit/jSaTui (3 1 1 ) B3S«*fflv^fcJ8-& 

^)5)l-I%IJffltS;!:()'tlf, <tR^*«*lJffllC J: ^Tt^W^S^tttJ'J^ < ft-6 * 
^BflTtJ. cc7)i&T^^«-7-#Pv$ttlilcffffiM*-%-x4 c k lc «k «3t!?fefy»a^1!t<wjfl 

1 1) AS^rai;ftuff^ti:t5Cti:«S1ft|«&SP] ( (1 1 1) AfflTTft) cn^t^ 

mm'mm±\z * 0 mat-** :t?, ffl^^inj^syap^ft^Tg^icft s« 

[ 0 0 6 5 ] 

c<^=fc7ic, m^msmmcn^miz &n\s. fe&m<r>mmi}<±B < ® l b v^k . ^tts^ 

T'iiCtt, ff¥Ittlcf£ftTU Kit'- «S?t^rinJ6**iJ8P 3 ftT^-5 c k k ^fH]l^ icgf 
fz L fz . 8 5 0 nmiH ^-M^XS^H Hit U - ^f*|?iat 4 C k 6*T- § 4 . 



[ 0 0 6 6 ] 

. Hten It m o 3ft 0 W L T w£ <f>X ( t 4 *» . G a I nPAs*ttfiC*fwT 

cot) . SttW k<7>'<> H Xil^Mtc^g < XB fU f# ft . fiU 

M l/j fF . as ^ S/J «T fig k ft £ 
[ 0 0 6 7 ] 

®^7t U - «f ic fcv^T . a£ffl#E}fc U - -f ti / f&SMi&^Jb'is if 6 8 0 ntnJ:D t ^'i&ftT 
f»S:t%tfltLtii^ aff^Jl 1 0 <o ¥£W X \t . A 1 G a I hPl^x^-^lffR 
uiCtT, IHfiS-Mfc* 6 8 0 n m i 9 tlftftTitltf, A 1 7 ') -v£ttH (If#P 
vS'ttH k »ESJB > ^fflv^T^. A 1 G a A s £ <JO g 14 li ic ±4 7 8 0 n mS^fflf!* U - 
*f <7>Jf k mWUto** ') -rm c k ft »K HtclgaT #f gttlB^a&mfc/jn 

^kh>^ ra ^ ja±^4f tt* # * c k &*ht ae fc a* * . . 

[0068] ' 

m&m i i iat£tf>f&wiic .knar, u -■y**f&*.-t*^4* < k 

t 1 ft &»<b 4r -5 Jf k *£tf*EESg«fi* k » -'j&£sls8«tt*> -tfiBi* * U T 

Wlc»t+'bnfcJiWjx«**J J: VTS&K*t«k'*f*«lRfc LTJBfiRL. :«)R!, Hi) IE ft 15 

> BVilzMT-t & k B ic I n^^)tSt^?t5Ctc<):^ > ■* ffi 5 * m«J BP "t & <r> X 
(tiij^, nm^m h <r> I n <n * * - 9 L =5: 6» <b K 9 ^ v =f- > r ■* * ^ T* ) . 
H£F C#g88&*l*aj?3T, CftlCcfc'K TfBE'ttJI < Hit' Sk < >^^.JT5fiS ('flu I) T* B 
-5. rco^m. If^Jll. M^JI2. MH3 <r)M%L?cl ( V C SE L) * I'/BilflU^ 

< # S * 0 & < $y iS -t -5 - fc *'T' § 4 . 
[ 0 0 6 9 ] 

[ 0 0 7 0 ] 

•t^t>*>. > .^fl$*<wf»fi k Slttii'l < ft -5<7>T-. «J-f±^ J; u U - ■H'tff fi;^r ^ ^ , 
[ 0 0 7 1 ] 

rtSfe^ra^ia^Fi* 6*WJ^. «b n . «fe 9 fi« L fc'(SSifiJS) TL-fk-t*ck6*5ri^kft4. 
[ 0 0 7 2 ] 

f£lcfa±L. fg C * K v h 8S6*1# L T *b EHI?iJiI^^^ k C k ft < W^JT § S. * 

s [Bicf scak-v hgs^ii^a euBioiSSf* ¥ <?§^. * » mmvz mm l rzm& 

[ 0 0 7 3 ] 

ifc. it^Ji i 3 mm<r>mnic * na. a^Ji 1 T^sit^Ji 1 o «vw n*»-JSiciB« 

wiSM u - -f > ^ fclis M^JI 1 2 iBlK^fflfiTfc u - v t l -i , m § iA ATtilS k L T 

. t**<^iBf£3t u --f t u -f sfflivf-difSff^BK^gicit^T^iiEnej^sr^k ft 

t L < it. ^*k [sJiS/S^li^T-tJ 7- L- -f a* nTffck ft 0 . --f t u ^ ^ 

•v 9 < (^±^--5 k k t,IC. tamff^/^^a^ffic n ^ h ft 6* 0 ft & . « 



icM^JK 6 *fc!ist?RJM 7 cnm^L^t u - v^fflofcf^. §§ t£ ?J ft + # ftij HP T § -5 <5o T* 
0fi«fiSjft*>tefi(i4a*flS < ft*. ifcWC ifl^ JM 4 *>ffi«# u - * ffl ufc # £ . Al i 
') -v^ttJllc J: 0,8 5 0 nmSffiH)tL <o«fc 9 ft5H8HinS?&*fc l« - ^ fc [S]#^^t^ 

^KlcJiilftTS 
[ 0 0 7 4 ] 

£fz. If ^JI 1 4 ie«StfO^Hfltc <fc flit , iit^Jl 1 7!)Sff 5j?:JH 1 0 co v% -f ti JH ic K 
* . 

[ 0 0 7 5 ] 

TU 7 8 0 nmi'ffllStlH^. Effect U - *T -tt -m M f&Tt m j ¥ ip # U -"f iclt^T L ffi 
SSiBB^J ^v^ct*^, *#£Hfl<o 7 8 0 n m^ffl^Tt u - V £ £fe ffl 3t vIS kLfc 
, Mtl frfkft % -f -5 ^ > ■ -f - 9 <\-t<nlt\£*j 9 T *J ~f > * t- A £ 3m T' § 4 . 
[ 0 0 7 6 ] 

li^Jl 1 5 IBilofEDjHc J=*Ui. sit^Jll ftSfft^Jl 1 0 OTv^nc^-nClcfBK 
[ 0 0 7 7 ] 

f 4 ft *> * t 9 ') OF ( 7' 7 x ^ -v ? 7 t -f x — ) £ ffl v ->t ffc i£ T li . -f co nft 

JJXffl^jb-'b, 6 5 0 nmcofUgft^^Hf&TtU - *f frtem 2 fix ^ Z to* . mUnft. to*m < 
lffli:U5oTi>4u. G£-oT, LED/cH^nTuSft', ifi ii %£. Wi to* W 'M T' 3h 9 

, 1 G b p s %*a^.fcffi31€2£Ha<ofc«>k: li . u - -f M-WT-i £ „ 

[ 0 0 7 8 ] 

&£** 6 80nm«fc9 ^'i&JlT *> * :fcf£Bfl <r> m L - ■f ic <k ftli , » #. « fU M 6' * § 
v^T\ iSttS^T'*^ 4: ^ IC S W filZ^mnx is - <o uft i|X IS* !i "A" § < 

-Ti>5P0F fc «ffl^fe«aFdSTSI3Sa3tK«^ ^ - - ^ * KBIT'S 
[ 0 0 7 9 ] 

msm i 6 lefjcto^Bflic «k tui. m^ji i t^jSM^ji i o co v » -f n 6» - ji ic ie« 

Z t^^fj^ci: -t-STfeM-Sfl^^ *-*T*>«<?>T. WT^^S^fSC kft'TSS. 
[ 0 0 8 0 ] 

Tf H^POF (7 - 7 7 ? 7 t -f '?-) 4fflv^/i7tf5lTiJ, -f cn oK- 

. 1 Gb d s^©^/iHaifeM^Jtco/--aolciJ, ^4p#u -f TJ>6. 
[ 0 0 8 1 ] 

»«6*'6 8 0 nmJ: 9 -M feft T * -5 *#& W <?) ffi?&7fe U - ^ ic J: *i li , ffittJBfU»**** 
UWT\ MttJ^/T^^ cr t t»lC^S^tt IC t,ff tlTfc 0 . 7 t -i /< - cO tt § < 

-T*>* P OF t ^ffl v^fc«a KJT-^iIft7fe^'S:fI t>4-i^SST^. 
[ 0 0 8 2 ] 

m^ji i 7 mm<n¥tw \z &n\z , m mm 1 7isi»5j<Ji 1. o <n^-t n^-miciem 

[ 0 0 8 3 ] 

-r ft ^ ^ , t ^ mipof c y ^ ^ ^ -v 9 v r x - ) £ ffl o rzJUzm t ii , ^ co « 



. 1 G b p s *«;i/iBSaHKJ£Sl3R*>fc*>fca, - -f **'£^-T' & . 

[ 0 0 8 4 ] 

•&ft**6 8 0 n m«k *) -5 *?£0fl<o® U - Vic <fc ft «T , vifrtt JI ftl # fc** S 

k i: t IC ffl @ ft tt IC t f*ft T to •) . 7 t -( - <o «MIX W & tt ^ § < & 

T'^^POF Ufflu/ig'lfii- Tfcii fi x * =r U £ H BIT g S . ft *> T «SKI& T & S C k 

[ 0 0 8 5 ] 
[ 0 0 8 6 ] 

(» 1 <O0S8) 

x-^-VJl k *#t»«SS««i: . &#gig«tt*>_kfi|S*j J: VTfflSieSH- «b ft 
> -t ff2 # ic /in X £ ft £ EE u - v ? #> o T , 

j • fx m m. to * u r as /x iti it . m ft m &m m w ic ^ i t l a w ->t * ->t « =f* ic * x m m 

; Al x Ga L _ x A s ( 0 < x < 1 ) 4 4 I ff $ ft 1 'h * S 1 k , A 1 y G a j _ y 
As (0<y<x<l) *^4l.®Jf$fc s *4 4lJ:^biijt$ti, . 

jf2/&<? ft. i&mnmm *«ai GaAs*^4si2 Tsixttit ^ ^m^$ 

[ 0 0 8 7 ] 

i|#DBR Ittkmfi ic f$ft s A 1 A s / ( A 1 ) G a A s DBRttH'H^T, > 
+ r^«SkS«tt^ < •* 0 . ^ISil<7>jem*TA 1 A s / ( A 1 ) G a A s DB 
R-Zm-t tzffif&\ZT' S -So 
[ 0 0 8 8 ] 

ioT. Sfit/)Df <7>fi£±#6*ffliffi!l $ ft, SI^!tffJiJb^« : ?iS5tiitl 5 5rffl%->t u - *r ( V. C 
SEL) ^li^T-g &o [sjific. i3 — tt«w«j:v^u -■<f«tt*»t^. /jDXHmtt/j*^ < #H 
fe^v^ffi^TtU-V (VCSEL) 6*JS«T§'S. 
[ 0 0 8 9 ] 

4-to. ^ 1 <r>um<r>m%L?t v - v ic tov»T . BU§e«i!§H1iM£^fi£-t-5Jl<7> 7 *> - 

< k ^ TSP x -< - + Ji fc ±gp x - f ji \z\ I nStJtiiCti'TSi. 

[ 0 0 9 0 ] 

ft'] n?HTu4<7)T\ J; >? ^mtt «k < . <k r ; IbSR < /^4)idIT'§, C ft ic ± o T 

u*ISttt k ^o#a<7)Dlf£7t (VCSEL) ft'gflci'btiS, 

[ 0 0 9 1 ]- 

sfe. m i <r>mm<r>m¥z.yt u - ^ ictov^-r . m 2 t^^*?#d b r a. 1 o-<twtt- 

[ 0 0 9 2 ] 

c^Jf^-lcii. m 2 TSS^iPttD B R<nfW2 > * flolf «fc 0 A § 

< . Jio, JS'J^FKlcS^^ nTv»4WP. J; 0 gu^S^IH^L - -f (VCSEL) 



n h tl £ . 

[ 0 0 9 3 ] 

3? 1 <nm'm<r>m^.^t\^ -*r ( V C SE L) li . #3£*c±lc . u -^it*ft^ 
t«^S<ktl /fcoa^#p-SttW k Pi Bil k ftfcSfttli fcjR'?£ttlB"*>J5llllcKl+ 
■btt^ft < k 1 X^-^Jfk£#t*«igis#(ts1k, & « IS 38 ffiti co 

±gffc i VTSBlcSlt JigGJxttif VTSPSttifc k *«JBJ8I k LT jKift L . Zen 

floie^es« sot aift^wic i n^^^^T^s. a*ftnBflr& h-Mi 

•v * > LT > ^^^ic/jnl-t -5 k § Ic . I n <of%7t£ t - ?ts:tl:<t 0 > *t ^ 2 * 
ftj IP -t £ C k IC J: o T . ftm -t -5 C k &*T* § £ . 
[ 0 0 9 4 ] 

znmm^r&T- it . .tic . u - ^^%Mt5 ^4<hi i^if#p a 

ttH k RBJi k ^ib £ aiSttlB k &»tt«*>ffl|HlcRI+'bft^&* < k t l 

*^-^Ig k *tfrt?#JS8g1if(mk . »«BS«l«^±.ffl{*f * VTfiUlcSt+'oiifc.kfflJ 

-f ft J! ic ] n £ # * •£ T § , aSf* J? HI * K 9 -f x v * > r l t J- "t fit ¥i ic /jn X -f * 
k § ic. In <7>#£}fc-fe =E - ? t -5 C k Ic J; 0 >*tM2 * *ij 9P S <o T ( -t & *? *, . KJrSB 
H^«b<^ I n^lEyt^^- 7 Lft**^ v * > ^tSWT) . & (ff IC S US H 3: 1ft 

!iiT'§T. CftlC «k *) . ssit^ < nfg.& < > "J-fcJfcnfc (/ml) T'§ 4. cco^m. »1 
<75|5i%->t u - V ( V C S E L) < *H * •? H < filJB-t-* z k 4 = 

[ 0 0 9 5 ] 

13 2 li $ 1 <r>Bm<F>m%.K U - ^<0S**BfiKfliJ*^-tElT*>4 . El 2 *#SR-*4 k . £ 
1 <F>Bm<7>M¥tK U --f li, MMlcii, JX<^«fc 9 icffMT* 6. + MOCVD 
S^MBEftlcJ: G a A s . In P . G a P . G a N A s , Si. G e ft k <n i|i *g ^ 
^ j# # 3$ J- ic . . ifi J$ IC X li 4< ffi m -k A L . A I As/A I j _ u G a u A s ( (X u < 
1 ) 3? 1 TgB¥ip # DBRk, Al i_ v Ga v As/Al i _ w G a w A s ( 0 < v < 
1, 0 < w < 1 , v < w ) 3? 2 T£&¥AP# D BRt. TS& * - ffl .' Sit IB . ±SB x - 
- -4- IB ^ ^ ft 0 » TSP ^ ^ — ■» 11 . v£'ltl! . ±SE * ^ - -4- 11 <r> \.\ •? n &<r>m ic I n * # tr 
ftjRgi/l k . Al !_ t Ga t As ( 0 ^ t < 0 . 05) SjgJRSHfcflB k . A 1 t _ v G 
a v A s /A \ !_ w Ga w As ( 0 < v < 1 , 0<w<l, v<w) _t«&¥## DBR 
k^WH^lclSIi LT V C SE L JRjft-t*. 
[ 0 0 9 6 ] 

I nk^tsm\t. Al ! _ x _ y G a x I n y A s i- z P z (0^x<l , 
0 < y < 1 , 0 < ( x + y ) < 1 . 0<z<l) X-m$ tl & ft £ W ^ i£ •* ¥f Pr ^ ^ «r 9 - 
n a 95 i c l i . G a I n P . G a I n A s P . G a I n A s . A 1 G a I n A s . A 1 G a 
InAsPftk^-bftS**, 5 «b IC B . N . S b . T 1 & k eo ffc^ | | | fa . V fiS^> 7C JR * 
a" tf if □ ^ 4 . 
[ 0 0 9 7 ] 

Z<ny C SE LffifiSWHH<oiffl*^i3€<7>m#0J*iXSI (HI) ic^-t. 
[ 0 0 9 8] 



1 ] 





(nm) 


(*y zct\s/'< y t) 








650 


InGaP/AlGalnP 


\^MQ.5 VJ<a 0.5^0.5 in 0.5' 


Al ,P.a , Ac/AI„, na„ , Aq 

"'o.ss^ao.K*^ 5 ' /M 0.5 lJd 0.5 /A;: » 




780 


GalnAsP/AIGalnP 


(AI Q5 Gao5) 05 In 05 P 


Al 0 95Ga 0 05 A s/AI 0 3 Ga 0 7 As 




850 


GaAs/InGaAsP 


ln 0J7 Gao.7 3AS0 44P0.56 


AI 0 . 9 5Ga 0 o5As/Al ft , 5 Ga n85 As 


/T-J . 


980 


GalnAs/GaAs 


GaIn(As)P 


Alo 95 Gao.osAs/GaAs 




1300 


GalnNAs/GaAs 


Galn(As)P 


Al 0 95Gao.o5As/GaAs 














(nm) 


miTSff¥aSf*DBR 






051 


650 


AIAs/AIq 5 Ga 0 «>As 


Al 0 95 Ga 0 osAs/AlosGao^As 




to 2 


780 


AIAs/AI 0 3 Ga 0 7 As 


Al 0 95 Ga 0 05 As/AI 0 3 Ga 0 7 As 






850 


AIAs/AI 0 l5 Gao 85 As 


AI 095 Ga 0 05 As/Al 0 l5 Ga 085 As 






980 


AlAs/GaAs 


Alo.ssGao osAs/GaAs 






1300 


AlAs/GaAs 


AIq B5 Gao osAs/GaAs 





[ 0 0 9 9 ] 

iXlC, 7tH/ ^hfT'>^7X^M'?-z>rL, C 1 2 • B C 1 3 . S i C 1 
4. CCI4. C F 4 & £<7)'N a V> A L . Jxlfttt ^t>f-i,i'Vf > ^3 

(R I BE) , ffimffi €> -fix-* (i CP) ii/f>ra. JxfCtt -f * > x -y * > rv£ ( 
R IE) & irco 7" 7X7$ffiufcHMi -v * > r>£T- > •* ft- 7 . Z co h § . 17 

* > ri§E<75Sag ^ 7 X v |£^5>^£fTV^ I n*>4 5 1 n m <o ft ->fc <o ft ^ Of IfSJ. 

'git** nmrn^m-z^ *> ^uos t i n^ft:*;** 

*HJT§5<ot, ^2^i§H*DB R4"T5£!Hlcx-y r*f?£t4 c kft'Tl 4. 
[0100] 

Al (Ga) A s »3HJR*ft«*» *«« + ?JI&Hl& L*9E3*'*fltie*Jf3ifc-*5 
[0101] 

*§cV>T . Pff ^^flfmic d PJ*ti . n flfjmti^ff^fft L , 0 2 <7>®#£*fc u - *r ( V C S E L 

) -zwm-t z> zhwz z>* m 2 <r> ® ft->t i<-f (vcsel) -pa, p mnm . n lim 

a* »£ffiflJlc#*ai;0£i±*J:7«^-*SCi:<b 
[0102] 

J¥ S tt ( N 0 + 1 ) X ( A / n ) h # 0 „ #<tf>#£-ttA/n-?*>*. CCt, N 0 « 
OWJi^BST* 1 ). A tt v . n ttffifiK¥##^iajf2|£T£>*. * . Stfe 

Wttiffi«Wvi«^#pfllifi* t &<7>?. «-JM^<50^$<7)^:^^ti±. T * -< - m<r> W £ 
T-3hZ>. - 7j , ^4p#DBR^H^If$li ( 1 + 2 X N 0 ) X A / ( 4 X n ) X- £> h V . 
#< <o« ^tt A/ ( 4 Xn ) J:oT. ±. T * - * If tt fft*> W ;T5 IR =fc •) ^ 

Slcl¥v^„ ccoct^'b. hu M <r> & 7 ic, :|fic±. T * - IB a* 1 n^r^^li, X7 f 
> ^Bf ic I n ^%v*ftit5S***» ib n . Mv^ftT-x v ^ > ^^^^^aiJffllT- S 4 J: 7 ic 

4- 9 . n 3i -ii t i"j ± -r -5 „ 

[0103] 

* ^ . *ftnfl^ v c s e l nmm<n 1 ft<?>^ x / t<r> ^ - 9 v ^ > n 

Jtfc^lj, x ^ |*|^±: -v ^ > riS^ <n¥-tflii.<n'-< *? V * It . > <50 )& ffl /?* ^ 2 T -I- 49 
*DBR^)2. 3 -< T^iSBB ft IC A*l 4 C t 6 T ? § 4 S£ o T . > ^ ^ $ ct> O 

x / < 7 -v ^ . ^©C «C % la] l;i v ^ > r -T ^ ^ ^ -x -> s p H ^ < 5 <V * t % Jfi-T 6 t 
Htii!!<7>i 9 ic, ^ 2 TgB¥iP# D B R<r> -<t 1 0^7-T-^ma:. M^iv * 



[0104] 

coo J; -? lc«Jg|i^^m*T'^fi5;ijt^'J^ ^ A 1 As / ( A 1 ) G a A s DB R £ 18: 

TWffi "/J ftffif&Tt U - (VCSEL) t)*m hfth, 
[0105] 

ftfc. m 1 T8B¥1*#D B R^MJTf SHfcEflg ft* » 58 1R St ft HB J: OiSutt** • ff 

$<75if^li, ^1 Tg^i|#DBRIT^i7f ^/LTliv^t^v^*. c ^ «fc 7 4 0J 
k LT tt»»JR»ftJi k » 1 TMi|#DBRwi)Sff$IS ft* k t lc A 1 A s T-*>* iS i=r 
Wfl-lct #> 0?f-£ „ fj*. tftftigjRgtffclB ft* A 1 A s TMi ft < G a ft*^-f ftMC £ £ tlT v^T 
. & 1 TSB¥i*#D-B R <r> ffic IS iff mm t> A 1 A s T ti ft < G a 6*^snTi^J8^T*4 
. c«?)Jg^-. SB 2 TgP^litffD B RtfO^JSSf ^/i^^fbil^ft^iUR^fblS «k 0 Sutttt 
•S^toT, mi TpU^*?^ D B R^Mj)Ts£Jf ft*ti? 2 T«ifH*D BR^)ffilff$ 
W* 9*ft»fA*>'h3 v>«ift -?*>*itt. jRM]3lft*£>£c 

[0106] 

Ztz, I n iO^Tfe^Tt^^vilJ , I n <75^7t^S^lt^ t - 9 -t £ Jf.&fiDffc. => X v 
«JB<olESa*^^>-b'^-t*fc«), I n eoft)fe%JSE k f&^ffi «R 7G 5fc ft *fc % « k <nit. I 
n k u-ffticISi L ft o k *Ut* t - ? tS if i=Tft*<& -6 ; 

[0107] 

£fz. x y ^> rmffi-&1*im?&<ng.Tlz -t h ^JvSlJ . Tg&¥i*#D B R^iftJr.JS* G a 
I n P *? A l Ga I nPU> ftgS*ttfiI*G a A s ^>A 1 G a A s ft k lc "t ft l£ 
, H 2 S O 4 / H 2 O 2 / H 2 O isle J: S IJil^ "> f > ft* «T ftlsT* 3r> £ , U>L, > V m 

cnmw^mmx'^ s . x -v > m^i±ic * •> jrm^ > -t **t s ^t^ ft t<n^ 

[0108] 

* . a i a s nmnmitm \t m-\±m^& < ic att ^ *i « ft*, has**** dbr^ tbu 

ftv^ St, ^-j^MMlc^ A I n*#trJi*SW-fc*3-?»Wi Lfcft*, ««kMM^x 
•v > ^vE^jEUT § T . ft*o . m— TgBJxftfM £T*x y tzrtft\Z$k\*<r> 

t? JB * Wc. It T ^ ft** *> ft u . 

[0109]- 
(» 2 

^M^m 2 <r>r}m<r>m&.9t t-fu, mi <r>mm^m^.^t u - vie **ot . * - 

JB <7> - SPtt ( A 1 a - G a j - a ) b I n ! _ b P ( 0 < a < 1 , 0 < b < 1 ) ft* *b ft •) . 
• ^ #P7Stt«a Gacini-cPdAsx-d ( 0 < c < 1 > 0<d<l) ft- >b ft *) 
, BEIittGa e I n i_ e P f As j-f (0<e<l. 0<f<l)ft^ft-SCk^ 
ft @L k L T u -6 . 
[0110] 

^^-•^li^-gglc (Al a Ga l-a) b I nj-bP (0<a<l.'0<b<l) 
Sffli»5:i-e, fl^fe A 1 G a A s &Tfl3/£ L if ^ lc tt ^ T . x<-^|tl 

^#PvS'l±H k K ^ + -v -7-^«4>>T± g < ?X€» C k ft*T-§ 5. 

[0111] 

^ 2 icii. AlGaAs ( ^ /A 1 G a A s ( fi^F #P SttJl) 780 
n m , 8 5 0 nrnffi^Tt U-V. MIC. Al Ga I nP (X^-^D/Ga InPAs 
(»4#Pv£'l±Ji) *<» 7 8 0 nralltL - -f «o AS© ft tt»tBiftT^> ^ k# 

[0112] 



im 2 ] 





780nm 


850nm(Ref.) 




Al Ga As/ Al Ga As & # *'4 


AlGalnP/GalnPAs^ « *4 


AIGaAs/GaAs^***'} 


X*— 9- If 


/VlQ hWtlO.?)/AS 

(Eg= 2.0226eV ) 


f A1„f~rfl i d rift - P 

(Eg(N=0.7)=2.289eV) 


AI0.6Gaa.4As 
(Eg- 2.0226eV) 






Aln i2Ga 0 88 As 
(Eg=1.5567eV) 


GalnPAs (EJE 3 !) 
(Eg-1.5567eV) 


GaAs 

Eg=1.42eV 




Aln tCltlri tAs 

(Eg=1.7755eV) 


r;~ r„. D f H I — , ?E L 1 35 *k 
Ua x ini. x r V 

(Eg(x=0:6)=2.02eV) 


Alo. 3 Ga 0 7As 
(Eg=1.7755eV) 


X^— *Hk#P»t 

0>EgM( AEg ) 


465.9meV 


743.3meV 


602.6mcV 


Eg^ ( AEg ) 


218.8rneV 


463.3meV 


355.5meV 



[0113] 

ft 2 ic ^ i 9 IC A 1 G a I n P ( * - ■* Jl ) /Ga 1 n P A s ( * =f- #'p S ft. H 
) % co 7 8 0 n m H L - V It . A 1 GaAs/AI G a A s & <r> 7 8 0 n m Hi ¥i 9t l> 
-flii t i 0 > A 1 G a A s/A 1 G a A s 8 5 0 n mfflffcitu - * *) t - 
h ,J ft";^ft^S < IX ft 4 C k ib 5 . 
[0114] 

»T #p vStt/i^E^Mffl'^ k z k M 6* it Tjn -f £ k / ^ - * - 

'i k =7 4 V K § < ttZTzth. %\n<n'mi)W± % < & 9 . ft L § offi 

ft* £ k fc.fclcSIS&SEfl: ■(Wffl/Jfb) "t*. C^MfllA] GaAs /A 1 GaAs 1^ 
8 5 0 nmto#&7fc> -nilMTS fti^T. #MW|tf>A- 1 G a I n P/G a I n P A 
s * ft ti . A 1 GaAs /A 1 G a A s 8 5 0 n m flTI A; U - ■? J: *> » 1ft 

L § vWfifb. (fiitB77ft:) 6*oTflBT*»* C k 5. 

[0115] 

'ttHlC £ 3 KflJ»ffclC J: o Tft L § l Mi ft -* -5 C k T* > ->t SX 0 Hi L fflj D B R Jx *f ft ft 
[0116] 

##£BJ!<7>1& 2 <75fl?fl§^ffi^7t u -VTU , iftpMlgttGa- c Ini_ c P 
d As x _ d ( 0 < c < 1 , 0 < d < 1 ) , iilttGa e I ni_ e P f A s j_ f ( 
0<e<l. 0<f<l)T-*>»}. A 1 * ^ ^ T- v^ft o fl" !|4 6- ib ffif& $ ft T to *) . A \ 7 

S ft ft'ftft $ tlT It ¥t*n > y -<F>MJ&-%W Z. Kt 6*T* § , -K-lf t^^®fE7t U - 
[0117] 

ctOck^lc. ^-<-fI«-^lcAl Ga I nPttf^^ffl u \- Pi m 18 & =? # P vS fi H 
l: (J G a I n P A stfflu5CtT> vl&tt IS ^ fU # 6** § < ft L § u ft . © ttS 77 T' o T 
» flflttlcfSft^ 8 5 0 nm=fc *) *b fe*<^>^^ Sf&Tfc U -^*^^3aT-§ 
[0118] 

iff* Lu. !fflcA lGalnP^GalnP ictov^Tli. 77 (i 6* (111) Affl7jftlc 
5° J1I20" ^icfflrt<75«/t ft) izffiULfz (1 00) GaAs Sffi**iS LTi> 



5. ( 1 0 0-) -Blcj£viJtt£-, g MlSte^cotf^/ftlc <k £ ><> K v rf<n1&T J ^ . t a 
* CfcttXRB) ?&£lc =fc ^HttcoJfUt^f&ftS^a -b> 7 -co&£&*± u . ^ipf*u 
-«fft kcoT^M *!fttelcJg{&«*J&HT-t. (10.0) 1*^ (111) AS^lS) 

lcfl?i^£ k . ic m C T g co **ffl) x. ft £ . * ft fc> *> . K * + 

v/tt. W'8ft*«l 0' ft^l 5' < ■bv^*Ttt«»lcaEfkL . * cogUJ& * icIEMco ^ 
>K^t ^ ( 5c ^'ic v£ 5' -> fzmB<r>i$.) icfi^i, 3; . t d 7 Hi* Li < 

ftoT^<. L^L. (Ill) AiS^lSl^illft 6* 2 0 ' *eiik. ^HfM^M 
lei' o < . f CT\ # fe u - "f ( 6 3 0 n m <b 6 8 0 n m ) co « (3- 4-3 ft T o 

SAlGa InPttfl^tt, 5 * ^S2 0' co IB H ft co ft g ic ( * 0 # < co J@ & . 7 * 7} 
3515' <^iEHl*Jcoft jgic) ffi®£ lifcaSffi lcfl!*3tiTv^*. cfttl. 

TtSAl Ga I nPlJttJ: ^ ^ 2 co tfij co £ 9 IC |« Jf •£ G a 1 nP 
fcLfciS^<bySTtt**. Micii. Pltt/B^«^ #F v£14li fc'G a rnPAs^?* 

oTt,Wirt,t^.n^-?, eft ^ft^/Mtc titsj^ ri^ ( 1 11) AS^faics 
' Jb£ 2 0 ' co IE B |*J co ft IS ic ( «k •) ffi i; L < tt 7° J1S1 5' <^ $G B 1*1 <o ft ft ic ) ft|( f4 
Lfc(lOO) GaAs 5;i frtf Uu. 

[0119] 

Lfc^-jT^ -25 *R cb ffl ft £ (1 1 1 ) A M -H ft (c jt8& <? if -5 C k \z J; -5 5t^HI » 53 7? 
tt*5RJffl LT^Ttft (fiTt^rS]) *»JfflJ**J»£. It^I^Ti^ (31 1) 

B-^^^fflv^fejf ^cos/jm^fijffl-r -5 c k *>*t*$ ftv->» (m2<r>mm) (3 

1 1 ) BM (ffi^ft 6'2 5' ) J; *) ij'i^^mmn ( 5 • 7b 15 2 0 * co IE B |*j co ft £ ) 

* h £Jl)J;k >bft £ C k § m L © < Jftv^ £ **&#-f S ^coco . Jt 

EEffim* z k ic «k S^fUifllTjttcoiS^ic J: 0 ffifS-t* c k 

[0120] 

ftfc, ±jiWT-li> 8 5 OnmJ: DtSv^IlcPRSLTv^^^ c ft ti f* * ic It ^ T 
ft teH^-HdOT^: 3 u <b o T v 8 5 0 n m * 0 ili^lT^TtyiiKi'ibii 

[0121] 

C co =b -5 ic * % Hfl ( m 2 co mm ) ic «k ft li s m 1 co J^/H?-? g^ B fl L C t ic /jo ^ T , S ft 
HcofiJ#3b*^:§ < L § vMt . n&tl~Z$>Z z £ k\ -ft $1 'l± ic ft ft T c t t . flifcTj 
IS] at?* m>J ffll $ ft T v^s C k fc ^ [S] ic ffi fz L fz 8 5 0 n m «k •) J£v>ffi Jlifc L - -f % 

C k i)*~5Smt ft*. 
[0122] 
(^3coff$flg) . 

*^<oI3 co^flgcoH^Tt U - li . ffl^fe* 1 (1 11) Affl^JlSjlc 5 * TIM 2 0 °' 
co IE H |*| co ft « (fflf4ft ) izMm Lt(10 0) G a A s *ffi±lc, U 

'>ft < k t, i m<r>m.^#p^am t mmm t ft s Sttn ki^^ttJi^miifflic^i+ibft 

'> ft < k i> 1 tt«<w»»6^«bft6 ^^--H-Ji k *^tf«-ISSg««k . 3*«gfg««<7> JiBK 
fccfc V T g& ic Sit "b ft fc± SB Jx at ft*?* VT^ixttltk *»ib ft<5«IMSt»iS*%-t4BB-IE 
Ttu-^lcfcuT. ±a&Jxtt»fc <fc ^Tg^ttff li - mfrmti*fflmiQ\zK1tLAMX*:K 

'> ft < k - SB I J . A 1 x G a i - x A s ( 0 < x £ 1 ) A* >b ft -5 IS FT ^ 'b ft * li k . 
Al y Ga i - y A s (0<y<x<l) ft* «b ft * IS JT ft * li k h ft 0 . x ^ - 
^•Jlco-^i±(Al a Ga 1 _ a ) feln^bP (0<a<l, O^b^Oto^ft 1 ? 
. ifttPSttl «Ga c I n ! _ c P d A s x _ d (0<c<l, 0<d<l) ft-«bft 
•)> KiliGaeln^ePiAs^f (0<e<l. 0 < f < 1 ) 6* h ft 0 . fi 
•T#P vSttfl ttJE«8M** LTfel, 7ttti*f^|S]^'bafcvS'l4/ico^miff^ld:^-^'l±*^ 
^Tft»5 (1 1 1) Affi^lSnc&UJKttT&S C k*!ftiak LTi>£. 
[0123] 

^I^Bfltfo® 3 coff^ngcoffi^Ttu -^T*IJ. 3S « «?> iB ^ -a * (111) ABB/Jfalc<IS»3 



■es c t ic j; at^mn m?j-\±-&mm Lxm^tn (m^t^\^) % m w t & m □ . (311 

) Bilfi (ffi&ft a* 2 5 • ) «k *) t/Jxg uffl&fc (5° 71S2 0' co fifi gg |*l ) T*£> 

&*>T. Blffi. SlT/j^c? ftTo £ (3 11) B3HR*fflofcJ$ £ #J « £ fll ffl £ C £ 

[0124] 

m 3 commute . C<^ftT#*S?#Fft14)5lcJEEJiiM£4;iS Ztlci ft^^jpjffjfi 
^tt^ii *lc =k * Mi i% ic fill £ , ffl f&Tt u - «f co yt ffi tt ^ IS] «b afcSttlB<o*l*BIJf2tticB 

(111) AH^frlC^vMf^ tt^CfclCj: ((111 
) ABSTjGJ) <7>#^(&fUI#J8*IC J: 9 Jiff LTV^S, Z ft IC «k 0 ftf|?4^75fa ((111) 
A@?Jfa) <^^^*J»**5Elc«J^:L. mfa Pi <n M BP 14 vft ± t s . 

[0125] 
( $ 4 *>Jf3J») 

[0126] 

^11 ti'^Ga I n P A s &tt£Hc:fcuT . |R] - ^ IS <o if li G a I n P '< > 

ft*, zftlc J: •} ft^pftttH tco'O K^i!*$£*£ < TS.fiJ fcS^T. 
{ft L § vMI ®l fF . ?U UJ 7j m fF )t»*5r AB fc «r 4 . 00 £ tt . G a 0 . 6 I n 0 . 4 P 31 o 3R •) H 
i^)>OHdft'^tt2. 0 2 e VT-£> »> . G a 0 . 5 I n 0 . 5 P £H <n >< > h* 

* \ -v -? it 1 . 8 7 e V T- *> 9 , G a 0 . 6 1 n 0 . 4 P 31 o ») H IB <7> ; < > K ^ t -v V 
m^AM 5 Ome V^§u. 

[0127] 
(8 5*>J|3JB) 

*i&nflcoi? 5 cr> mmcomm-x u - *f ia , a? 2 j^sm 4 <r>mm<r>m$i-x u - vie *? . 

aEKI i f 6 8 0 n m J: H I»^T-i S : t $ t L X 5 
[0128] 

A 1 G a A s / A 1 G a A s & ft 14 J! le «fc £ 7 8 0 n raEHit u - V coif £■ fc J£«-* * 
. Al x Ga ^jAs ( 0 < x < 1 ) & * -< - V Jl co ft Si fa SfflsRIITfit '<> K ¥ 
t'^i'^JnAl x Ga i_ x As ( x = 0 . 6 . E g = 2 . 0 2 2 6 e V ) t &rit ft 
I 7 8 0 nm (Eg=l. 5 5 6 7 e V ) coft<|4Jf i: w?> K dp * -v ^ H |J , ( A 1 a G 
a i _ a ) b I n ! _ b P ( 0 < a < 1 . 0 < b ^ 1 ) ^^-^flS^jBiiaW&ffiiSttHT 
» t '< > K -v v 7' Sv» (A 1 a Ga i_ a ) b I n i _ b P ( a = 0 . 7. b = 0 

• 5,Eg = 2. 2 8 9 eV) tffl*»I 6 8 0 nm (Eg=l. 8 2 3 3 eV) ^ ft fi: 
lli:«o^>Kf fyVi ( 4 6 0 m e V ) fc ts L o „ 

[0129] 

^gll i: #Pft14/i t <7)^> K *f \ v -?m\Z o^T It , f?J i EE IS ^£ G a 
eln^gPfAsj-i (e = 0. 6, 1 = 1. Eg = 2. 02eV) tttltt, ffi 
^ft-M 6 8 0 n mcoft'l4Jl t co^*> K v -v 7 git* is if 20 OmeVti 1 ), A 1 G a 
A s /A 1 G a A s &ft14JS Ic U 7 8 0 n mffl^Tt u - ^f^ii t 13 ur|5)# t >Sr & , 
[0130] 

o * 0 A 1 G a I nP^x^-^ltffluKtT, ffl«SIl) 1 6 8 0 n m J: Hit 
•MT-#>ftiar. API -ft'ttH (fiT#Pft'l4IS t PIEJI) ^fflut t . AlGaAs/ 
A 1 G a A s MttHi: U 7 8 0 n mBB^^t u - *r*>m&t |S]#W±^^ ^ 'J t^J.i; jA 
*> ft» ht ffi i: «r *. MlcMaT-^Pftttilco^m^/JU^* C i: h->h . la] ^ W ±co^14 ^ W -5 
c k &*=J8&fc ^-*o 

[0131] 
.(» 6 coff^flg) 

*5tW com 6 coffJ.lBco^^Tt L -^TMU- i?17!i£3?5 n to^ fcm<F>m ft.*: 



[0132] 

BBffcTfc U --f tt . MZHtmX' 2h Z> Z t T'T U ft**S*T. L 6*1, }§ 'ffi - 60 ^ a£ 7 a -fc 

^?r^$n4<of, & t -f£ H (fed « 55 ic > ■» ^^^f <w(waptt**flSc# $ n * cot- 

is 3 * h itx- § 4 . 
[ 0 1 3 3 ] 

'3 n ffi ff, ft ^» ss a IS f k a* T § 5 

[0134] 

mic. *#6hh<?> i 7 ic«3t^i»i/>»-s^rai2ft!iaPd n/i, wai^WifiForfle«:BafE^ u - 

^*|Bl-lilic#S$fitsctT\ »3&**fc!ij&&icfEffl L ;£*■&. le] ^ ic v >u * tr 
-i,T«f SCA^giti*), «§]A^ji ic ft ± L . tliA^K 7 h _t 

# LT ^EPPJnllS^^ t -t Z t 4 < EPIigijT-£ £ . *fc|t0i:»3&*K v h & co jf & a fll 
IPIMiJSfc^ < T-S *. iiffiCJftffl Lfc*^ MlC^gt *-U\Z J: S t»- ? ftMW 

IC m «fc £ ^ T- m m L it £ . & IS ± # * f& fit t- § -5 , 
[0135] 

(I7tf>M)' 

*fE«fl<o?j? 7 0>ff$JIB0)iEif£Ji2«&£gKl3 . ^ 1 711* 3? 5 coo -f *t^^tf2/jJ§co ffijlfcft u - "f 
, ifctt. S&6 <?> B m cr>® ft.it U ft iISi: LTfflu^nTui c fc^ 

[0136] 

##£nutf>jg#£# i --f, ai&ftu -fTi. -r a. «jt^ra6«(w»stiT l avt st as 

V£ * co mj % ft - ^'7- u >f ^ffl^fzffijfiJf^X^l'.lclt^T^iiHep©]a , 5TABi: 4*."tL< 

IS f/£ * t IB] II # <0 Jf £ T' 13 T U -f & CO ft JfiJ fc'HJ t 4 *) . Sl^L -VTL -f * -y "/^SS! 

jp*^ £ 0 < ini t-t z> 1 1 ^ ic . iSfijr^x^iBcofft a 7 N h , sgic. ai 

■7 ') -vStt/Ilc J: 0. 8 5 0 nmfffi^U --f co<fc 9 4" ii fl ffl IS f £ >t u - ^ i: |B] W <n n. 

tit (tSTifi i o oummvm^ $ nxv> * ) t ^sctft^. yts § ja a 

Jt'^ra. - -y h @#cOSflJffl^5Jftii: * 0 , « fll ft (5 ft HUC K IK T S * . 

[0137] 
(I8<«il) 

*-¥tW<r>% S <7>nm<7>ftV -v * T -y V x * t A a . ^ 1 7!jS^5 cov^n^cojrj.lgcotEi 

jfeit u - . $Ltzit. % 6 co f^flgco m fi.it u - -f -r u -r a»7t -an t l t m o h n t c t 

[0138] 

>f iTA^TtfgiAAff]. W^ffl^ifHT**^4SI#U - ^coy&ftli . CDTIJ780 
nmMfflmtiTus. BB^yt u - Ji iffi BB 3% ft 3! 49 # L - ^'ictk^T 1 «re«S*ltt* 

if "t £ <"> > ' T» -f - ? "7* co it k' -v 

[0139] 
. (« 9 coff^flg) 

*%Bj^io^ 9 <r>Mf&<r>it$k1M * ^ - >Ht . mi Th^m 5 co ^ -f n ^coff^flg^jHI ^ft L- 
[0140] 

Sr ft . 7V)/^POF ( 7- 7 X ^ -y 7 "7 t -f ^ - ) ^ ffl v^- it fcm T* li . * co oft 

. i g b p s •&mz-tzmmfcm.?k : ®.<r>tz&>\z a . ^49^ u -vj^st**. 

[01411 



mtefo£:i]*6 8 0 nmT-l)^*%Bflwffll7tL -*f\Z «fc *Ui . ?S tt If ftl ft 6* * S oco? 
. EsajfiT&Si:*:*, lc ffifift •& lc t f**i T *? 9 . 7 t -f /< - co iftiRffl * li * £ < & & 
^MT-^tUifS&nTfigi: 4' 9 . $v>3fcffl[T**B5#&*te u - -f i: . $ ^ ft 7 t '< - ? *> 
5P0F k fcffl^fcttflrl&TSSilttftjKfc* s> -5. 
[0142] 

cm i o co^flj) 

*f£Hflcom 1 0 ^ofl^flgiOTtM^fl* S> ^1 cov>-f tt^*>fl3JiR*>ffiffc 

ft U - -f . * tt , m' 6 CO 0flg<o tSI%7tU — f 7 U -f frftM tlTfflv^tltv^:t% 
If »fc Uui, 
[0143] 

■t 7? MIPOF (^^Xf ';?7t-(a*-) ^fflufc'jtfi M T li - f <^ «& 

iRM^^-b. 6 5 0 n m co f£ j|g j& * <o ® l - -f a**ftrt £ tiT & , ffi ilfil^tt *«© < 
iffli;ii4oTu^i\ MU. LEDiii'SbtiTv^ft'^ ffi iil « ft 1 ffl it T* f> 9 

. 1 G b p s *®;*.fciiSi$€3£^3a<ofcy>ic: li - # u -f *>*'4&©T*> ■& . 
[0144] 

fi^ft^6* 6 8 0 nmT- S>Z> # #& HH E #£ ft U -"TIC i ftli . iSttiWIIj^^^T 
. Bi li} 7J T- 5 i: s fclCffia!|f'ttC J tft*lT*J 9 . ~> r -f /< - co ifl&JjX jM* li ^ % < ft -5 *>« 
JSBl!*-?*>;ftU:iEJ£or»i: * 9. £v»ft3B?*> Sfflf&ft L - i: . «u*£7 T 

spof kftfflufcaafieTfisiii^'sssfB^x- - 

[0145] 

cmii <r>nm) 

*9tw<r>% i i <r>mm<7>ftmm'> *tz*u, mi ^ism 5 coo-r n/>^jM^inj?£ft l. 

- -f , * fc li , m 6 co JKfllco E IE ft U - *T -r V A frft M t L T ffl u «b ft T v > 6 Z i: * n 
[0146] 

1- & ^ *> . t?u*pof (•75*-**/*-7T-f>t-) * ffl tit fci* t- li . co nft 
JRa*^«b. 6 5 0 n mcol^Sg&^coffi^Tt U -"f**#ftS tiTi^S ?8S ait 14 6«JE < 
Hffli:ttftoTi»4o. loT, aa> L E D *> *IT v> -5 flB31SeW*>*ffi«?*> 9 
. 1 Gb p s^ii/iiifelll^ttti:!^ ^#1,-^*^7*6, 
[0147] 

M m fell 6 8 0 n m T 3b h * HBfl co ffl ItTfc U - lc «fc n li . SfJ- II fij B ^ co t 

. ~m\£t3T'3hZ> t t 4; JCM Settle ^fgtlTfc 9 , 7 r. -f - co ffliiRa* li S < 4 -5 *« 

SPOF ^fflv^ fc«3F(!S &7£jffifi x Xt/,$|3|t^. S*)T«gf»T*>*Cfc^«?> 
> ^flc-^gc^^^-7 ^ , ^fii^>5r £<nftmm-> ^T^icfflv-** c t <»*Sft««T 

3r> c 

[0148] 

/Ale. ^lEB^co^SfefiiJ^lftB/li- ^> . 
[^CfefJ 1 ] 
[0149] 

03 itmikm 1 <r>m¥tftv (vcsed cotM/^^^-rsT-^-5„ =&^. ^a.^^ 
se^j 2 . ^je^ij 3 . mmm 4 cogg^Tt u - ft 13 3 t ibj+ico^ /s:^ ti,Tui. 

[0150] 

13 3 ?:#Pa-t-5 fc . ^Jfe^J 1 Tli. MO C V D'2T\ n — G a A s (1 00) S 

«± IC n-AlAs/Al 0 , 3 Ga 0 . 7 As 42. 5 t >b «r m 1 TS^*9 

#DBRk/n-Al o. 9 5 ' G a 0 . 05 As / AI 0. 3 Ga 0. 7 As 6 ^ • 7 * 
*»-«b ft * » 2 TgR^iS^D BR t , Ga 0 . 5 I n 0 , 5 P TS^ ^ fJB i: . Ga I n 
AsP/Ga 0 , 5 1 n o . 5P ( x * / «J t ) TQWftttli:. Ga 0 . 5 I 
n 0 . 5 P ±8B*-*--*lf £ . d - A 1 A s *igJRI»ftJB t . p-Al 0 . 95 Ga 0 . 
05As/Al 0. 3Ga 0 . 7 A s 34. 5<7^f>44 ±§8^4? # D B R t . p - 



c,aAs3>Mhik ^mu\zmm u, vcse Lmnzmmm* mr^-t & . 

[0.1 5 1] 

K lc . 7 t h 1. y X h M v x n ? - - > ^ I . C 1 2 ^^4^AL, /x 

tt>( t>i^-Ai'Vf >7-S (R I BE) T-X7f >r$itfitS. C <^> k § . -f>X"? 
^Tt^TttsT ] n co^Tt ( 4 5 1 n m) k A 1 <of&yt ( 3 9 6 n m ) k «oit* k •) - * 

'ffl 3£ =E - ? -r -5 o 13 4 lc tt . 31 «E0J 1 lc to 1+ £ I n (4 5 1 nm) /A 1 (396 
nm) ft5t*lttJt^^plBIEffc**^$ttT\.>*.. II 4 *#HR-f -5 k . x -y f- > rggiifi fc» <b "» 
^ttifi-*-* k , I n«»* (4 5 1 nm) ^UJ^ft, .^ft*T4< 4 4. C <7> of <& T- x -y 

> r^^T t6t, 3? 2 TSP^iPttD BR«.t.^b3)ilTX'Vf> L fc. 

[0152] 

JXlc A 1 A s tfcjgJR$HtJi£*^M4'T 4 0 0 *C X'MWiW L . fttfcitA 1 AsttiV 
2 5 /x m 2 U:$r51BffE&s¥?lltig£ffSfifc-*4. /Xt, MUX ■) 111 L k ft "/j fflJ* 1% o US 

[0153] 

s.- «* *>ic , mmmm\z n pjmti^ff^ lt . 0 7 ic^-tts^^is^^ u --f (vcse 

[0154] 

'JT^aAt^t- ft* 7 8 0 nm^L-f)tiS)' ±&&m$i<7) Hi □ ib .ffe if. (C tti 77 2 *l -5 . 
[0155] 

1 ^fflfETt u - nil . #gS£#lc I n%#t>V C SE LWitttlilR*. I n 

:ni;J;^ §? 2 T^ifH* DBR4 TS^iP#D BR^#^4/7 «t 9 & u JI fgSC lc T 
§4. if^fig ±# fc'WJ "btl, J; OMtiSTicoV C SE L6«»"b*l*. £ <b 

IC a . f?&14 J: < > -*flDX**-?£ T > -*?I5 £ fr»±3-[C & 4<7>T-. ±3-4 L - "V^tt* *b O 
ffi^ftu -«f (VCSEL) **#«btt, iBjWlc^a 9*'|Sllt5. 
[^«£0J 2 ] 
[0156] 

itu££<7> «fc 7 lc . Hfi&tfiJ 2 <?>ffi¥iyt i-ft03 k IB] *i <r> ffl rfc <r> i> <r> ti-jtu^, 
[0157] 

13 3-*#SRt * k s HMJ 2 T-a. MB E v£ T* > n - G a A s J»*SI1 (10 0) =S«c± 
IC n — A 1 A s /A 1 o . 5 Ga 0 . 5 As 47. 5^7^>b45ll Tff^*?* D 
BRk, n-Al o, 9 5 G a q . 05 As / A 1 o. 5 Ga 0. 5 A s 1 O^T^b 
^5l2Tgf^i|#DBRt, ( A 1 o . . 5 G a o . 5 ) 0 . 5 I n 0 , 5 PT8x^- 

*f PS k . I n 0 . 4 6 G a 0 . 5 4 p /^ A1 0. 5 Ga 0. 5 > 0. 5 1 n 0 . 5 P < 
7x^/a-. JT ) TQWMlt> ( A 1 0 . 5 G a 0 . 5 > 0 . 5 In 0. 5 P -£S& * 
-<-*Ht, p-AlAs SaSJRBtftJB-k > A 1 0 , 9 5 G a 0 , 05 As / A 1 0 . 5 
Ga 0 . 5 As 40. 5 -< T ft» «b * 4 ±SB^4P# D B R k . p-GaAs3>?ni 
k ^HKklcfftH L T x VCSE L 4ft n& fit II AM * JKfiR t 4 . 
[0158] 

YX tc , 7tKy'XhTR|^v^n'^-->^L C I 2 ^^5WAt, IC 
P x y ^> ^v£T-x -y ^> ^^rff 7. Z <r> t § . ^ 7 X^^Tt^TtggT I n <n¥t?t ( 4 5 

1 n m ) <r> m ffl & it* ^ - 9 ~t Z> . x y ^ > r fe^ii fir 4 k . I n«M (4 5 1 nm) 
****ai$n. ^6'T4<4 5. c w^tx y ^ > ^^<^7 -t % k , » 2 TSR^VtfD B 
R «f T x -y ^ > 7 & ff ih f 4 . 

[0159] 

iXtC , A 1 A s &iH!R$Ht:fl^7k|gm+T- 4 0 0 °C T* M II L . ft&1£A 1 A s 

2 5 m m 2 jc ttz>mmm^mm*wtm i -t fr\z. mmw o & ls-p k *a3/^a5*H>v^« 
ta!ic # 5 k mmm*Mf$.-r . 



[0160] 

5. 2 h IC 3S M ffl (c n flljmS *mr&L. m 3 ic ^ ~t ^ ^ S l&^t U - ^ (VCSEL 
[0161] 

'J T^ftAt^ J: . S1 6 5 0 n m<o u - -»f t£ fc'Xf&'MiO |?S1 n h al fi. ic :/j 5 ft h „ 
[0162] 

[0163] 
[0164] 

in 3 ■g&m-t z t . mmm 3tu, mocvd'S?, n - g a a s #*gffi (i oo) m 

M _t. ic . n-AlAs/n-Al o, L 5 G a 0 . 8 5 A s 4 0 • 5 t a* s> &• 5 £ 1 
Tfft^iPft D B R t . n - A 1 0 . 9 5 G a 0 . osAs/n-Al 0. 1 5 G a 0 . 8 
5 A s 5 t 6» <b ft 5 3? 2 TS&^iP # D B R t » I n 0 . 27 Ga 0. 73 As 0. 4 
4P0. 56 T» ^ t . GaAs/lno. 2 7 G a 0 . 7 3 A s 0 . . 4 4 P 

0 56 < x «j t ) T Q Wv£ 'M i: , I n 0 . 27 Ga 0. 73 As 0. 4 4 p 

0.56 JtaB^^-^W t , p - A 1 A s Si8JR8*ffcJB-i: . p - A 1 0 . 9 5 G a 0 . 0 
5 As/p-Al o, 15 Ga 0 . 85 As 3 0 • 5 ^ T * % ^ * * i~ nM- i? i* D B R t 
. p -G a A s ^ > V f h Jl fcfclBiXlcWIi LT. V C S E L 48(&fftlffJR« f & . 
[0165] 

[0166] 

HflEflJ 3 <7>®^7\:U pPJmSTi. n <W «« 6» «b . * ft f ft E * + -J ~r . ft ^ + 

•J 7*ttAt* t - 8 5 0 n u - -V^t _tfiMK«*> ffl □ ^«biliElc tti ft $ ft -5 . . 
[0167] 

mmm 3 <ojB#E.-*t u 1 ^nft^tu - vtiii««ffffl»*«tt'6. 

[0168] 

ruMI^ £ "? Ic , flflfeflij 4 coffl^Tt U - -f t (3 3 fc le]ti<7>fl|fiK<z> »b<7> tioTUS. 
[0169] 

13 3 t » SStfcfl 4TIJ, MO C V DSl\ n - G a A s $. ft ft (1 00) ^ 

IJii:,' n-Al As/n-GaAs 32. 5 -< t 6» ib * * 3U T»¥49# D B R fc . 
n_A1 0. 9 5 G a 0 . 05 As / n_GaAs 3 t *p •?> «r 4 » 2 TSS^V* D B 
R fc , Ga 0 . 5 In 0 . 5 P TS& * ^ - ■* H fc . Ga I nNAs/GaAs ( ^ x * / 
'< M r ) TQW vSti/1 t . G a 0.. 5 I n q . 5 P _hgG * -< - ^ IB . p-AlAs* 
aS^KftJl t » p — A 1 0 . 95 Ga 0. 05 As /P _GaAs 2 6 -<t <b % & ± 
DBRt. p-Ga.As^rni i: *JHiXlc ffi/1 L T . VCSEL tM^fttH 

[0170] 

w t <r> x a a m. m m 2 1 rai « ic tf 7 . 

[-0171]- 

^jSii5ij4 <75®?E7tu --^T-tt. D®mm. nwrnrnfr* . ^n^njE^ ^ •> -r , n*^ 

'JT4tAt5t> »« 1 3 0 0 n m <r> u - ^'tIc 6* .Lg&mfis ^> ^ □ h if. ic £±3 ft 3 ft S 

o 

[0172] 

5St6«4Ttt» 1 ^fFffl5/)H:»xT , Ga I n N A s tSttlli: aUT-v^ /; 

aft 1 . 3 ix m^T-^ o T t G a A s * flx ± ic fl$ nR T B . ^ttfigft A 1 C a A slDBRS 



L TiSffl*fetf>E5v.>ffifE*fe L-^f (VCSEL) tllffitiS. 
[0173] 

1. 3 M mffi^DB R$r<7>T#JfiRJS6*JSufc#>« 3ff 2 TS&D.B R£ 3 ^TtRS 
LT^, x >y > 7<r>J&ffi* Z<nm 2 TSKD B R 4> lc Aft-5 C k fr^mtlh 3 . «k o T . 
«k ^ IS^tt J: < * 9. Si tfci '/J «b ft S . 
[9IMJ5] 
[0174] 

0 5 itmmm 5 ^sa^t u cvcsed ^m^^^-trnx-^^ , 

[0175] 

m 5 ^#M-t-& k . 5Hflte0J 5 T-tJ. MO C V DffiT'. d - G a A s (10 0) at 

m ±. IC . p-Al As/p-Al 0, 15 Ga 0 . 85 As 39. 5^TJt>»«b«:6ffl 

T #^ 3# "ffc D B Rk. p - A 1 o . 9 5 G a 0 . 05 As /P _A1 0. 15 Ga 0. 8 
5 As 6-<7i^i5:Sl2TMiP#DBRfe> p - A 1 A s ttiBtfgHbll k . In 0 
. 27 Ga 0. 73 As 0. 4 4 p 0 . 56^^^-*^^ G a A s/ I n 0 . 2 7 
G a 0 . 7 3 A s o . 44P0. 56 ( ^ "r ) TQWftttHt. In 0 , 2 

7 G a 0 . 73 As 0 . 44 P 0 . 56^^^-*™^ n - A 1 0 . 9 5 G a 0 . 0 
5 As/n-Al 0 . i5Ga 0 . 85 As 3 0. 5 ^ 7* h tc Z> ±gK¥i§H* D B R k 
. n - G a A s ^ > V 9 VM k ftWJXlcfUfli L T . VCSELiiSWiffMtS. 
[0176] 

wT^T.ft ii . p m mmt n mmm *i#ic aw-* ft a, 2 k 13*3 ictf 7 . 

[0177] 

35 JEM 5 <r> Wi f£ ft U - -f T- U , p fflj m«i . n PJ ««6^«b . * ft f ft IF. * r >> t . ft * r 
M t £y± A"t & k . ftI8 5 0 nm«U- V t£ 6*±SBm«<7> ffi □ )b^^ii.fc tt5 7] $ ft 4 . 
[0178] 

StfxiJ^ p S ft 4p lc -* -5 if £• a . A 1 A s *3BlR*ftJB**14ni<?>TlcSli- **®ft»*> 
5. c ft [J ft^-*s^4jt#li p 3Jfei9^ ta 7 ft'nlftil =k O.^iftS^'h 5 v^T-itiM^ 

[0179] 

W±COJ:-7lC, *«tfflj* pSfe^t tt, X *) jEffltix V ^> rft't&Sk 44. 

c<7>*MJ 5 <?5 fft IB IS « ^ * k •*> , XvlE/fc^Tt^ - ? S*fflv^i -v f>rt^:t 

ic j: *) . mmm^^m&m^v cse Lfttsu^its c tVEr^c**. sa»a. 

^Ml^fFffl#jllk[5]CT'&£* 
[HJStfiJ 6 ] 
[0180] 

0 6 7} IE 13 7 ttHftftl 6 <r>m¥tft U - -V (VCSEL) HT*> £ . * *? . El 7 a 

l-^wSg8«il 7 8 0 nmT*5. 
[0181] 

UltffiJ 6 <^H^7t U -^'U , ffl^fift* ( 1 1 1 ) AfflTvfillcffi&ftI 5 * T'ffim L n 
-(100) GaAsStii:, n-AlAskn-Al 0 . 3Ga 0 . /AsUlII 

i'Sll TSB^iP^D B R ( rmm 1 1x^11) k . n - A 1 o . 9Ga 0 . 1 A s k n - 
A 1 o . 3 G a 0 . 7 A s k * «E H l*J ic *? W- * 1 / 4 fg*> ff 3 T tSS 5 lc « tt 

1 0 MlWfili L fcfflHB«lie6-'b «r -5 ^ 2 TgU^4|#D B R (TgBI^2/xttm) k&*ff*/£2 

ftTo* o 6 Tttpanasis) . ft if. »i tw^^dbr. ^2T^t-4?^dbr 

fio ^ J! cr> ffl \z a A 1 m. f£ - 7J <o fft ^ <b m?5 co ft lc ^ * ic ft 3 it tz /9 3 2 0 n m <^ HI fiX 
ftHf4/l A L T 9 . ftfl^H^ a-<^T^Srt ic^lt^^jH &^co 1 / 4 fgfiOl¥3 k LT 
^6. CftlCcfcfta. D B R lc«St*«iftJg^-. m%<r>>*> ¥ ?S3i*ro*vt'b 6MC ~t 4 C k 



[018 2.1 

^■bic, ®2T^*4|#DBR^±lctt« I2TS^a|#DBRt^-TI&tl, (Al 
0. 7 G a > 0 . 5 I no. 5 PTaiU-<-* (^7H) I.!:, ( A 1 0 . 7 G a 
> 0 . 5 1 n 0 . 5 p TM (^n')S tftfl^t^ G a o . 5 I n o 

5 P TffiW, JI^M^^T-^ o X ><> K ^* V -v 7 S Onmt ft 

4 3 JB<50 G a I n P A s #p/S fifS^t S 2 Ji<o G a 0 . 5 In 0 . 5 P PfEf t ^ 
*>ft .&MT#F}&te/g i: . G a 0 . 5 I n 0 . 5 P JifKtS 2 k-<-^IB-'k . ( A 1 0 . 7 
Ga) 0.-5 I n 0 . 5? -tSB* I ( 9 ? v P ) m t &Mf& $ 52 ic * 

<o ± IC tit . p - A 1 x G a ! _ x A s ( x = 0 . 9)i:p-Al x Ga 1 _ x As ( x = 

0.3) t -&&iL\zmz.is 2 5 mmmm Ltzm^mm^^ ft z ±.b*vh*d b r clbisr 

tilc«flStffli5Ui*}f A ITUS. L T Jft±§Plc & . fc rj > ? ? h £IX& p-GaA 
s □ > ? ? h i &*fl?fi£3 nxo*. Tg&JxttM. fc JiSRWIt i: <50Hg liffc «§ i£ ft <r> l 
coJ¥2 ( o ;b © -5 ^ u + tr t -f - ) tLf-o 
[0183] 

c <r> 6 ^ m u - *f n . w <* -5 ic fpsa $ n s . -r & *> *> $ i ^ u m o 

C V D v£ ic «k »> 'fx ft u , JS ft ic ii , T M G ( h > n if ') *> u ) . T M A ( h '> > * >i 

T >l 5 =. t7 A ) . , T M I (P) >f *-Oy ,H 7/.) , P H 3 ( v #■ ^.7 i > ) . A s H 3 

( -r >i is > ) * m u . nl^h'-'Oh tUH2Se* ( -b U > ft* j?& ) £ ffl u . pi 

<0K-'OhfcLTCBr4*fflufc. * * 'J . T # * ic 13 H 2 * ffl ^ • MO C V 

COT*. DB R*#A,£Bim3teU LTi§ LTV>5. MBEffi^ 

ttic ^ mux u * . 

[0184] 

Z<r>^mm 6Ttt> p iJ D B R ( Ji.gB lx f-f M ) 4" T* ig H Ic jffi ^ ift fai Jff ^ H ^ - fig * A 
1 AsltLfc, f LT. pfrS^7^§ $ <r> J- ^* iff ft < fc't p — A 1 As j85flKeft/B 
fflfS^Sai 3 -ttT ff?n^ L . llffi^MtAl As ^ ?K M % X iJ ffi /»» «b ie f t LTAl x o y 
ft'ifm $ < ff$<* L fz . 4 L T tfUC . «'M;FTivf > tl*> jA A. T ft L 

. p n> 9 9 bm i:^tajfra5<o*»*±SI5JS««t±«w* 3 K«»* L, p ^ > ? f h IB 

[0185] 

C <oHMJ 6 TMi> A 1 tAs «3L^^> t L ^ »SlRB!tfk H <r> MHWcit ic 0 $ 

<^tfo^^>T-> l s vmi mat -o fc. m.mnmitm-&mnmitLrzA \ m<tmfr<b 
ft * mam $ < m * m ^ rzmmn $ <mmxit. mmn $ < « * a-a- « c £ ^ 1+ t jf*j& -t 
•& c t xmu^fci}* *) * Jin x. <b n . ^mtci^n ftugR/h^tsic$d^^ < ^ c ia 

ft^Ct ^T' § -5 . 5 -o IcBHt L T A 1 mitm t ft -6 C t X Mft $ *"'Jv $ < ft •) . i n j U > 
XwfflST^f v ') -rcn.m C jA y> h ft tz IK 'J^ 1i fiS ic S/J $ ^ < 7t^P3 c iAyj £ C fc fr'T § . tit 

dhxmmii*& < ft •) . lsu ft«9c ttfi«3ft*.'it. s nc m-ru* $ < bi& x 

[0186] 

^SteUiJ 6 ffl U - It . * ^ - *t m co - tc A 1 G a I n P W # % ffl o . Pf EH 

^if#pS5ttll:UGa I nPAs*fflv^UD. f LT, ( 1 1 1) Affi^j 

ISHC15* MU: (100) GaAsIiii:)fMUc<7)T\ g <® *& =? co Bl& IC «k -5 

[0187] 

£ . ^-^1 (H'vFl) tLnO-A->^fv/ff>4 (Al o, 7 G a 



I* . * ^ - -t m % A 1 G a A s T Bf& Lfz if & <r> A 6 6 m e V ( A 1 ffi fi£ 0 . 6 co if £ ) 
icJt^T . 7 4 3 meVT*!l. ffidbT±£ PISH k ffi^#P v£'l±II k co > K ^ ^ 
v rt [B]*ilCl£ ») . J|.4f& * * 'J T C jAao k & -5 . ft T" # F fa If *>* 

ElI^fLTos^T, -Nt:-*-^ t 7 h * - ^ 60 ; < > k » fit ic «k 0 . fij ® co W) /ju 
§ < 4 o fc. c n«b ic «* 0 . JBtfJft k & * cot-. «M 6 cojgf£7t u - +ns . & LB 

[0188] 

«^#P vi&ttH k ^Sli tt. A 1 %£A,Tv* «r.v**j#a»'blf|j£a tlTo £ „ fft 
[0189] 

BLGe. fit^S$nTi»4 (3 1 1 ) BS« ) %fflofc*&lcJt^T, 

'h$v^fl|»ft (15') T*#>-5 co.T-, )t^jpj»a^tttt/jxd <£4.. HtS«i|6.Ta, C co 

Ufc 1 ), H-$>fii3*fc7j|S]ffei|aP!b»T § fc. 
[0190] 

ccoiiic. 6 icfcfttt, gttIS coftj # § i> k k <b ic 3f 2 ft c k 

ic J: *) ft L S Wi • ASM?** - k k . flfS-ftlc f^tlT u -5 C k k . fifu t£ 7j. ft 6* $!) '(JU 2 
tllv^Ckt * |6]Df izmtz L fc 7 8 0 n mcoffij^->t u - ^*^^Bil"t -5 c k 6 t T* § 

[0191] 

% &-^¥£W<n$)Ml£ . ^svfe^rft k k t ic 'Jv $ < & T < 6 8 0 nmJ:HIM 
T*>*ilif#£ C k *'T§ So tfijx A 1 G a A s / A 1 G a A s &v£'&JIlc J: h 7 8 0 n 
m ® u - -*r<n M £> k ttt2 AlxGai-xAs (0<x^l)^^^-^Hco 

® 5r m^iB ffl TJR t > K ¥ v -v -7- §uAl x Gai_ x As ( x = 0 . 6, E 
g = 2 . 0226eV) k fflfiR&j* 780nm(Eg=l. 5567eV) covSttH k co 
> K ^r* + >v a _ (A.l a Ga j_ a ) b I n j _. b P (0<a<l, 0<b<l) 
^m<r>mmm tc®.f&mWT'm. ^ '<> K ^ ^ -v ^-^^ |u (Al a Ga !_ a ) b I 
ni _ b P ( a = 0 . 7. b = 0 . 5, Eg = 2. 2 8 9 e V ) k « 6 8 0 n m ( 

E g = 1 . 8233eV)co v£f±Jl k co /< > >• ^ + y 7^ ( 4 6 0 m e V ) . k 15 I3r# L vV 

[0192] 

* fcl^SH k ft^#pv^f±Jl k^OH^ft -v ^iicov^t li . fix. Mlifi^ G a e 
I n j_ e P (As i_j ( e = 0 . 6 . f = 1 . E g = 2 . 0 2 e V ) k -f ft \£ , fflnS 
tS 6 8 0 n mcov$'|±^ k co ^* > K ^ t v 7% frte if 2 0 Ome V t4 A 1 G a A 
s / A 1 G a A s ^ttJf I: i ^ 7 8 0 n mffl u - *r er> jf^- k 13 i?(b]# U4. 
[0193] 

o $ 9 A 1 G a I nPI^^-^l^fflusct?, I.*8I^6 8 0 nmJ: HIR 
fiTfthtt. API -SttH (i-7-#P*ttli k Ren) tffluTt. A 1 G a A s / 
A 1 G a A s ^^14/1 ic U 7 8 0 n mB8%^t I- - *r<hm& k [S]#W±co^ + 'i t ^ i; jA 
*>**nr^k HlcMS-T^PvSttJicoJ/im^^o^s c k 6> . Is] # W J: ^ « * f# 6 

c k 6*5TfiEfc 
[MSSifJ 7 ] 
[0194] 

m 8 UHMJ 7 co®f£7tu -ftf)iII3-pJ.i, -^SSL0iJ 7 coffif£7t u --t'fe'^J&^J 6 co 

mnftx* - fti^ cc^ij, s^Ttu -•^coTtitjtt^rsj^'ba^ > -t^^^, (iii 

) A ffl 7J fine £i*;£ffiP3 A3 ttk 4-5 =k 7 icS^tt^Sl+TJKfiRLfcC kT-^-2>» C tl ic £ 
*) . A 1 BEftlSic «fc o KbR3 nfc«ifiEiiA«ai^iK« J t (111) A mi ?7 fa ic M jf;4K k 



ccotfjtfni. ^ffiRtf^»c FI-b -f . «^/f.?'& k<oft»itojf>:|KT-t,Rv^ 
[0 195] ■ 

'$ntv^ (3 1 1 ) B£4& (ffi^ft 6*2 5 * ) *fflofc*-^lcJt^T . 'h$v^ffl»ft ( 
15*) TftiWT, ^^MUWB^tttt'J^ < #*. 7 Ttt, Z<r)&Tft*. &lr 

tB*t#6l*»«o ft fcffittJl^frfljj^iR legate* ft -tt, (111) AESTjfalc^off^ k 
t4:kCJ: -&3Sffifflf*7j|SJ ((111) ABSTjIfiO «0*fc*fifU»i8:*i= J: OMLTte 

( 3 i i ) Bmmmm t\t^x%^, %^m*fjftmwi}*-ez t. 
[HSS0J8] 

[ 0 1 9 6 ] 

0 9 tt^feffj 8 ioDSflTfc U--f£^-t0?£>v. £tfc*J 6 <o 0 7 Ic jhtfE. L t <o k & 

Hifcfll 8 oiBIEftu --f**#l1M 6 tl? k C 5 12, P3 E IS ?> *l ft k Li . gio»K»>!E* 
f t4G a o. 6 I n o . 4 P%fflufcCfc?fc4. * fc » 8 T 12 . 31 o % v W. £ 

G a o ' 6 1 n 0 . 4 p ^ ^ 3? 1 fi:7 # P 7§tt H <r> T , 7?cC/a? 3 il-7#PV$ 

ttI»lC^»ltTU4. «L*>fl|Jitt95tfc*J 6 fcEJttT** 121 6 k jsj ft ? 3h 

S ) . 

[0197] 

G a I n P A s &ttftlc:tev>T , IB] - 43 7 & » T 12 G a I n P «o><> K -v v t^JS*, 
Jfcttf £R*«'ha ufc&j&ioTjjtrt* £ ti K dp + v "7" * BSC tl 5 <o ? . S?#F 
vS'tt.JI k K ^M^Mlc*^ < T-g . =PJ»***S < & T . Mlc Ok L § -v Wfi E'j fF 

. Witi^lftf^**orflBt<r*. 0J*.tt\ c^II*l8<7)Ga 0 . 6 In 0 . 4P^h i R0S 
Ifco ■ k ^ ^ y 7' [2 . 2 . 0 2 e V T* 3h 0 . mUM 6 <7) G a q . 5 • n 0 . 5 p 
&l^)n'> K^t ^ 7-tJ l . 8 7 e V T £> •) » m. UM 6 co G a 0 ' 5 I n q ' 5 P tft -T & 

immm 9 ] 

[0198] 

0 1 0 itmmm 9 coalite L-fTi, ^^t0T-*5. -t & *> *> . 0 1 0 nmmm 9 

Tl, -t ^ v -f co ± ffi 0 T •€> . 

[0199] 

13 1 0 <7>#JTU , 8 toffi^Tt U - "f** 10 i£7> 1 }X7UlcMA,T-u -5 , 

HJtefJ 9 T* tt » ffllfeTt u - -f p k n 8 cofflf&Tt U - k li^lc L ft . ~t%t>% 

. OTI9TMi, ffifEftu tt. plG aA sfiP#I«±lcIf^^liTfc^ ±ffllc 
nPJUSUmfes Wffllc d (iJ«iffimffi* J ff^ $ ftTu 6. Ifc.il 0 co fl'J T- li , f< co UU 

[USEfJ 1 0 ] 
[ 0 2 0 0 ] 

01 1 it m. mm 1 0 <r>^tma * y ~ - >i * ^ -r 0 t v , 01 1 <o Ttn ti * * - * « 

t*a»^b*fc^iS;oT^4. *S£^J 1 0 cOTti^fl t a. - ;u t* U . E^Tt 
u - *f ^ <50 L- - V 7t 6* P 0 F ic A ti $ tl „ fcM ^ tl -5 . TVJ4^POFli 6 5 0 nm 
lciftiR«^<?> # h ^it»»*> »J . 6 5 0 nm<75®%7tu -•"ffc'^ft^ n.Tv^*^. BSS^ftt** 
®.< , Affile US,Tv»4o. i^*, C<^fl<?57tMii ^ ^* - - * IC IS L E D 6* fg *> ft T ^ 

c coji^-ic iisa^iisjb'KitT*. 0 . 1 g b p s *m^rzmmftm%M<n rzfoiz it 

[ 0 2 0 1 ] 

C «o^J6l0iJ 1 0 cOTtMfl t x* * - >i ic ffl o tl -5 ffl^Tt u - +f <r> : <fe-K it 7 8 0 nmT-f> 
WLf&ft&fr&y.-* k ftic . vSitHfiJ^A^ § i^f. ^tii^T-*€. k k ticfisaiftt 



[ 0 2 0 2 ] 

ftiifl^rfrffT-tt. m*$\z & *) & < wr- 9 & ixM-t z>fzdb\z . n$Lcr>¥Wfk u - *r 
m fi L tz u - -V t U -f % ffl u tz 3fe ?U €3£ 6*M * «b ti T £ . 3 ti Ic * •) . £ M ?U IS S£ 
6*5]" 66 fc £ «k 9 ^ < co ^- ? * M ic T- g & £ 7 Ic £ /i . 

[ 0 2 0 3 ] 

-*rm=f- t -i k % i ft i icjhffSS ttfca*. ffcBttft *>!!*: -6 if ^coiiiffLTt u - 
"t'iT-?: 1 YKItt. ^ tt 2 /XtcIc t u -r Sieges L T . ; $tfk%>mmitt 6 z. k ic £ ►) ftMil 

[0 2 0 4 ] 

$ «b ic. * mn ic ck * * a a* u - *rm t t ?zm & p o f k * ta a *> * rz co t- . 

{ft n x h <r>yt s Mii =E : J =■ - /n£HBl? § S ffe. C ft*fflu fcffls 3 x h cOTfcii-fs >• x t- u £ 

its ft ffl ^co ^ggg^tco -T- 9 mm ic *»jt-*> * ; 

[^StfiiJ 1 1 ] 
[ 0 2 0 5 ] 

13 1 2 tt, mMM 1 -1 <r>KM&<%*:>> =.->v£7jk1r®-eah *) . 13 1 2 is *■ 

- >i it . ^JfcflJ 8 co®^ U -fif k , ftflffl7th JTU-HI:. 7V)*^POF 

[ 0 2 0 6 ] 

If tPOFli§3XhTi>5^T, 131 2ic^-t*7lc. BSii m<r>m?l9£m¥tyi¥ u - 
k.^ftffl "7 th r-ft-KkPOF k fcfiA^-fcttfcTfcfi&^te* x - - **fflv>fc 
{ft n X h covfeiifl i> ^ T £ H JIT § £ . I/;, p O F It ~? t -f fls § < T "7 t 
/ < k co 3/ v ■/ -j > r*«g|T$^3 At-^iiiSTH: t*^, i^Tft^ x h^ty ^ 

St. -^HD«<oiB^7t u - -f HI 7 . fiKWtt fc'fiv^ c k . & v 

. © L B vWtT-*> * C k IC J: 0 „ J&fcfta*^* < ; MiU * T'^Sn & L T fill £ S «fe 0 ft n X h 
coix Xfi,41lT'§ ^.o 
[ 0 2 0 7 ] 

*f&nfl|c#SffifE7\: U - -^if *fflv^-->tiffi-fl >• x^z, k LTU, >t ^ t -f ^'-^rfflv^ 
fcL AN (Local Area N e t w o r k ) H kco n > f - - 9 #co m fcM 
, 3 «b IC tf^giflco #- K #- K l*|coL S I ffl. L S I P^#co->t -f > y - a 

4~ 7 i> a > k LTlf lcSH*5ffiffi Icfflv^s c k *>*T-g -6. 
[0 2 0 8 ] 

je^, l s i #co$GHttfig& i»j± ltv^ c n zmft<r>fcmmi$Lt)**-&. 

vK h^^*yfk«r*. x x t- a F«3 co -fl^-Ji^^ f« co « fUi *r ^7t-<>5'-r3^7hlc 
ti^U - I J 3 > f a. - 9 > X t- U co * - K m • # - K F«J co L S 1 m . L S I ft co 

?P5 if rj > f ^ - ? >- xf^ft'Sfiti:^. 
[ 0 2 0 9 ] 

* . ftS(CO n > f a. - ^ X X t A#**%HBU:^* TtMfS t X* - - A ^Tfcjg'gm =E >' 

-^ifli> «ffl%7tS!^4p#-U -■^lctt'<TfirSv,MC(&vga«^fbT§ 2 ^ Ft t U ft 
^gli'^T-, MJIJ fe^lScOTtii f| -> ^f^lcILTi-^. 

I^ite^J i 2 ] 

[0210] 

l313tt-7tS£<?'Jl2coL-- ( f7-'j>5'-^^-tl3T'*>-So ~t =5: -b *> . 13 1 3 IS . i£^7 
8 0 nmT*>S*Si£tfiJ8 coffl^Tt U - -f *M X 4 co ~ /A "7c Ic gfi S 3 nfcBS^rc L - -f t U 
4 * v •? (1 6 tf-isVCSELTL -f) k ® 7t # K 7 k iffi A ^- b If tz U - ^ ^ ') > 
? -co7t^SgP7><7)ffiW[3T*^ * . £ /c . 13 1 4 li . 13 1 3 co u - 7' -j > ^ - ic fflo ^ 



ft h ffi $L9c U - V t u ( 1 6 tr - A V C S E L t u -f ) <n ffi l& ffi * T< 13 ( ± 

iH 13 ) T <fc -5 . Z 60 TBI ft^fe u - -»f t h -i * v V (l 6tT-AVCSELTU -f ) !J . 

<r> 9 4 5 > r-Zmm-fZ Z fc?, JB##±?ttH 1 4 ic^-t «t 7 Ic @U ^ 3S ?J ft Ic 1 0 M m 

15 ffi x-^tm t o h m t m t* <t m t is ^ -5 c t *«t b & . 

[0211] 

cto^SiEfj 1 2 TMi. BSSJtu-'fT u ft^^IS^^-^*, Is] 

[0212] 

d^^flfcflfl 1 2 ic «fc & i: . M'J^^ft tcfil 1 0 M m R9 T-/® 5fc # ± ic #f % jA a 5] flgT- #> 
9 . C ft 1 1 2 4 0 0 D P I (K-yh/-f>^-)lcffl^-t*. * , £ t£ 38: 7? |Sj <o ffi % jA * 
Pi3P§li. TtilH^^^r^ 7 -f 5 > rT'§^lC*IJjffllT-§ 1 6 K -v h ^IHjBf »cffi§ jA^HTflg 
T£>9, SSilCPfflTSfc. t u ^ SSC*»*n 3 -a- s Z i: Tl £ ffi 31 ffl PJ nT 66 T- <fc -€> . 
DSftitU -■V*^<^B8K*»ia + '* C t ?, »J it ll^6l*> RUB § . 2 4 0 0 DP 

I J: •? ^^-SfgfC-t -5 C £ 6*T§ , J: ») iffiS^ fflPJ**oT^ & & . d <n HI ffi M 1 2 IC J: 
& Rfl % >t u --v'tt, ft^HIE^ u — +f J; 0 *bffi#j3Mt£ ftTo-5 t t »c\ »c !R 1± 
J: < , S^^T6*(B]Bf iclftff LT c t *>»Tg . EPBOiSKfciiE* cfc 9 Jp. < 

[0213] 

& . 15 m. m i 2 t- n u - ^ <) > 9 - -n <r> mm M * ^ L 6*. ^ <^ i&<r> m \% B m. m w. 

* ( t«T t> *> . >t ^ V 9 T v -fi, 7,=r U\Z $j*¥£Qn*mm~?% Z ) . $ «b IC . 7t«S!l!^m 
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